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1.0  EXECUTIVE  SUMMARY 


Recommendations  of  the  1995  Defense  Base  Realignment  and  Closure  Commission  require 
the  closing  of  Fort  McClellan,  Alabama  and  relocation  of  essential  missions  to  other 
installations.  Pursuant  to  the  National  Environmental  Policy  Act  of  1969  (NEPA)  the  Army  is 
required  to  prepare  an  Environmental  Impact  Statement  (EIS)  to  address  the  environmental 
and  socioeconomic  impacts  of  relocating  the  U.S.  Army  Military  Police  School  and  U.S.  Army 
Chemical  School,  and  several  associated  support  units  to  Fort  Leonard  Wood  (FLW),  Missouri. 

One  of  the  missions  to  be  transferred  to  FLW  is  obscurant  (or  "smoke")  training  with  fog  oil.  As 
part  of  the  EIS  process,  a  comprehensive  review  of  the  available  scientific  literature  was 
conducted  to  evaluate  the  human  health  effects  associated  with  fog  oil  obscurant  training.  The 
human  health  literature  evaluation  report  has  been  included  as  Appendix  E  to  this  report 
(COE  KC  1996a). 

The  preponderance  of  evidence  from  the  literature  on  the  health  effects  of  obscurant  generated 
with  SGF-2  (Standard  Grade  Fuel)  fog  oil  manufactured  after  1986  in  accordance  with  military 
specification,  MIL-F-12070C,  Amendment  2  (US  Army,  1986)  and  specifications  thereafter, 
indicate  there  is  limited  potential  for  adverse  effects  to  humans  (COE  KC  1996a).  In  1986, 
military  manufacturing  specifications  for  SGF-2  were  altered  to  required  manufacturers  to 
remove  carcinogens  and  potential  carcinogens  from  the  oil. 

The  recently  proposed  modification  to  the  1986  specification  requires  manufacturers  to  certify 
the  fog  oil  is  not  carcinogenic  by  conducting  modified  Ames  tests,  mouse  skin  tests,  and  a  Food 
and  Drug  Administration  analytical  procedure  for  determining  the  presence  of  polynuclear 
aromatic  hydrocarbons  (PAHs)  (U.S.  Army,  1995).  When  implemented,  the  1995  proposed 
MIL-PRF-12070E  specification  will  provide  further  assurance  of  human  health  protection  by 
requiring  actual  documentation,  through  testing,  of  each  batch  of  fog  oil  manufactured. 

The  term  "smoke"  is  used  by  the  military  and  in  this  report  to  represent  the  fog  oil  obscurant 
cloud  produced  by  specially  designed  generators.  Generators  produce  obscurant  clouds  by  a 
process  of  vaporization  followed  by  condensation  of  the  fog  oil  into  many  small  droplets  (about 
one  micron  in  diameter).  The  small  droplets  of  fog  oil  comprising  the  obscurant  cloud  are  not 
produced  by  a  combustion  process  as  the  term  "smoke"  would  imply. 

Toxicological  research  documented  in  the  literature  (COE  KC  1996a)  demonstrates  that 
currently  used  SGF-2  has  low  toxicity  when  ingested,  presents  minimal  toxicity  from  dermal 
exposure,  and  has  limited  potential  for  pulmonary  effects  unless  the  Threshold  Limit  Value- 
Time  Weighted  Average  (TLV-TWA)  of  5  mg/m3  is  exceeded  for  prolonged  periods  of  time. 

The  TLV-TWA  standard  of  5  mg/m3  was  established  by  the  Occupational  Safety  and  Health 
Administration  (OSHA),  the  American  Conference  of  Governmental  Industrial  Hygienists 
(ACGIH),  and  other  national  and  international  organizations  to  protect  workers  in  industrial 
settings  from  harmful  exposures  to  mineral  oil  mists  in  the  air.  The  OSHA/ACGIH  5mg/m3  TLV- 
TWA  is  considered  a  safe  concentration  when  workers  are  repeatedly  exposed  for  up  to  8 
hours  per  day  and  5  days  per  week  for  a  worker's  career.  This  health  protective  standard  was 
established  for  mineral  oils  which  were  severely  acid  treated;  severely  hydrotreated;  or  severely 
solvent  treated  to  reduce  the  content  of  carcinogens  and  many  other  toxic  compounds.  To 
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meet  the  1986  military  manufacturing  specifications,  fog  oil  is  severely  treated  to  remove 
carcinogens  and  therefore  represents  the  type  of  mineral  oil  upon  which  the  OSHA/ACGIH 
standard  was  based. 

The  scientific  literature  on  fog  oil  revealed  an  absence  of  information  on  hydrocarbon 
constituents  in  smoke  generated  from  SGF-2  oils  manufactured  under  recent  military 
specifications.  There  was  also  conjecture  that  the  chemical  constituents  of  fog  oil  could  be 
altered  by  the  internal  heat  within  fog  oil  generators  to  produce  toxic  compounds.  Information 
was  not  found  in  the  literature  to  address  this  concern.  Therefore,  an  analytical  study  was 
conducted  as  part  of  this  health  evaluation  to  fill  these  critical  information  gaps. 

The  results  of  the  chemical  analysis  of  fog  oil  and  smoke  (Appendix  B)  were  used  to  conduct  a 
preliminary  human  health  risk  evaluation  (PRE)  in  accordance  with  U.S.  Environmental 
Protection  Agency  (EPA)  guidance.  The  PRE  assessed  the  toxicity  and  carcinogenic  risk  of 
individual  compounds  of  concern  found  in  fog  oil  smoke  and  served  to  provide  weight-  of- 
evidence  with  other  toxicological  findings  from  the  literature  to  evaluate  the  potential  for  human 
health  effects  from  fog  oil  exposure. 

Samples  of  fog  oil  smoke  produced  by  an  M56  turbine  generator  and  an  Ml 57  pulse  jet 
generator  and  liquid  fog  oil  were  collected  and  analyzed  for  over  100  different  volatile  organic 
compounds  and  semivolatile  organic  compounds,  including  PAHs.  The  compounds  analyzed 
included  the  major  carcinogenic  and  toxic  compounds  that  could  reasonably  be  expected  to  be 
present  in  petroleum  based  mineral  oils.  The  M56  and  Ml 57  generators  were  selected 
because  of  their  planned  use  in  fog  oil  obscurant  training  at  Fort  Leonard  Wood. 

Results  of  the  chemical  analyses  of  liquid  fog  oil  and  fog  oil  smoke  did  not  indicate  that  the 
chemical  composition  of  the  fog  oil  had  been  altered  by  heat  of  the  generators.  The  fog  oil  was 
tested  for  mutagenicity  by  a  modified  Ames  test  to  evaluate  the  carcinogenic  potential  of  the  oil. 
Results  of  the  modified  Ames  test  were  negative  indicating  the  fog  oil  was  not  carcinogenic. 

The  PRE  determined  that  exposure  to  a  total  oil  concentration  in  air  of  less  than  or  equal  to 
5  mg/m3  is  associated  with  an  insignificant  noncancer  hazard  and  cancer  risk.  Conversely,  the 
PRE  determined  that  sustained  exposures  to  concentrations  greater  than  5  mg/m3  may  be 
associated  with  a  significant  hazard  and/or  risk.  Additionally,  occasional,  brief  exposures  to 
levels  of  between  5  and  10  mg/m3  total  oil  for  unprotected  personnel  are  not  considered  a  threat 
to  human  health.  In  general,  the  findings  of  the  PRE  support  the  TLV-TWA  limit  established  by 
OSHA  and  ACGIH  to  protect  workers  from  exposure  to  mineral  oil  mists  in  the  air. 

The  Army  has  developed  personal  protection  policies  which  guard  the  health  and  safety  of 
those  involved  in  fog  oil  obscurant  training.  The  Army’s  “Smoke  Operations”  manual  FM  3-50 
instructs  individuals  involved  in  smoke  training  to  “wear  respiratory  protection  (mask)  when  in 
high  concentrations  of  oil  smoke  or  after  4  hours  in  low  concentration  of  oil  smoke  (haze).”  This 
existing  Army  policy  provides  ample  assurance  that  exposures  will  not  exceed  the  5  mg/m3 
TLV-TWA  for  mineral  oil  (e.g.,  fog  oil)  mist  as  established  by  ACGIH  and  OSHA  and  determined 
as  a  safe  by  the  PRE. 

It  is  not  expected  that  individuals  positioned  away  from  fog  oil  training  areas,  but  within  the 
boundaries  of  Fort  Leonard  Wood,  and  those  outside  the  facility  boundary  will  be  exposed  to 
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fog  oil  at  concentrations  that  would  pose  a  health  risk.  Factors  which  serve  to  assure 
insignificant  human  exposures  beyond  training  ranges  are;  1)  training  ranges  are  strategically 
positioned  to  reduce  the  possibility  of  significant  fog  oil  exposures  to  individuals  in  cantonment 
areas  and  at  off-post  locations;  2)  the  fog  oil  operating  permit  restricts  the  wind  direction  and 
meteorological  conditions  under  which  training  is  allowed  to  limit  the  possibility  of  the  obscurant 
cloud  from  reaching  the  on-post  cantonment  area  and  the  FLW  boundary;  3)  the  duration  of 
planned  fog  oil  training  events  is  limited  and  will  seldom  exceed  30  minutes;  and  4)  fog  oil 
obscurant  clouds  disperse  rapidly  to  low  concentrations  that  will  not  be  harmful. 

Site-specific  air  dispersion  modeling  conducted  to  support  the  FLW  EIS  air  quality  analysis 
predicted  concentrations  of  less  than  30  pg/m3  at  the  boundary  of  FLW  and  at  the  edge  of  the 
FLW  cantonment  area  when  481  gallons  of  fog  oil  are  used  in  one  hour  (COE  KC,  1997).  This 
volume  is  the  limit  currently  allowed  during  a  24  hour  period  by  the  FLW  air  permit  for  fog  oil 
training.  The  highest  volume  modeled  (i.e.,  the  highest  daily  amount  used  at  FMC)  was  1900 
gallons  per  hour  and  resulted  in  a  concentration  of  less  than  149  pg/m3  at  the  edge  of  the  FLW 
cantonment  and  FLW  boundary.  All  modeling  was  conducted  to  adhere  to  wind  directions  and 
atmospheric  stability  classes  allowed  by  the  FLW  air  permit.  The  results  indicate  that  potential 
exposures  to  the  general  public  will  be  34  to  167  times  lower  than  safe  exposure  level 
determined  by  the  PRE  for  fog  oil  and  the  safe  exposure  level  established  by  the  American 
Conference  of  Industrial  Governmental  Hygienists  (ACGIH,  1994)  for  mineral  oil  mists  in  the 
workplace.  Considering  the  low  concentration,  and  limited  frequency  and  duration  of  fog  oil 
exposures  predicted  for  the  general  public,  adverse  health  impacts  are  not  anticipated. 

2.0  INTRODUCTION 

The  production  of  obscurant  smoke  for  concealment  purposes  has  been  a  part  of  military 
tactics  since  prior  to  World  War  I  (Driver  et  al.,  1993).  Different  methods  are  used  by  the 
military  to  generate  obscurant  smokes,  including  the  production  of  smoke  by  specially-designed 
smoke  generators,  using  Standard  Grade  Fuel-2  (SGF-2)  fog  oil.  Training  in  the  production  and 
the  strategic  deployment  of  fog  oil  smoke  is  presently  conducted  at  Fort  McClellan,  Alabama 
and  other  Department  of  Defense  (DOD)  installations.  Due  to  recommendations  by  the  Base 
Closure  and  Realignment  Commission,  the  fog  oil  obscurant  training  mission  will  be  moved 
from  Fort  McClellan  to  Fort  Leonard  Wood,  Missouri. 

Transfer  of  the  fog  oil  obscurant  training  mission  (and  other  missions)  from  Fort  McClellan  to 
Fort  Leonard  Wood  has  necessitated  preparation  of  an  Environmental  Impact  Statement  (EIS) 
as  directed  by  the  National  Environmental  Policy  Act  (NEPA).  Included  in  the  EIS  is  an 
examination  of  the  potential  impacts  of  the  proposed  activity  to  on  and  off-post  residents  at 
Fort  Leonard  Wood. 

A  literature  review  of  the  human  health  effects  of  fog  oil  was  conducted  as  an  initial  evaluation 
of  the  effects  (Appendix  E).  Examination  of  the  literature  revealed  that  in-depth  analyses  had 
not  been  performed  to  determine  the  chemical  composition  of  smoke  produced  by  the  M56 
turbine  and  Ml  57  pulse  jet  generators  using  the  new  generation  of  SGF-2  fog  oil  manufactured 
after  1986.  It  was  in  1986  that  the  Army  manufacturing  specifications  for  fog  oil  changed  to 
require  manufacturers  to  eliminate  carcinogens  or  potential  carcinogens  from  fog  oil.  The 
potential  carcinogenicity  of  the  oil  is  mainly  related  to  compounds  that  are  significantly  reduced 
by  severe  hydrotreating,  severe  acid  treating  or  severe  solvent  treating.  These  processes  are 
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used  by  manufacturers  to  reduce  carcinogens  in  fog  oil  to  concentrations  whereby  the  whole  oil 
does  not  exhibit  carcinogenic  tendencies  (Palmer,  1990). 

Specific  information  on  the  composition  of  smoke  and  liquid  fog  oil  to  be  used  at  FLW  was 
considered  necessary  to  assess  the  potential  human  health  effects  of  exposure  to  fog  oil 
smoke.  Therefore,  as  part  of  this  health  evaluation,  fog  oil  smoke  and  liquid  fog  oil  were 
analyzed  for  over  100  aliphatic  and  aromatic  compounds  with  health  significance.  The  fog  oil 
used  in  the  monitoring  program  was  also  tested  for  mutagenicity  using  a  modified  Ames  test 
method,  which  offered  additional  weight-of-evidence  for  assessing  the  carcinogenic  potential  of 
the  oil. 

The  M56  and  Ml 57  generators  were  selected  for  fog  oil  smoke  production  in  the  monitoring 
program  because  of  their  planned  use  for  obscurant  training  at  Fort  Leonard  Wood.  The 
composition  of  liquid  SGF-2  fog  oil  was  compared  to  the  composition  found  in  smoke  to 
determine  if  the  internal  heat  of  the  M56  and  Ml  57  generators  caused  an  alteration  of 
compounds.  It  should  be  noted  that  "fog  oil  smoke"  is  actually  comprised  of  very  small  fog  oil 
droplets  produced  by  a  process  of  fog  oil  vaporization  within  the  generator,  followed  by 
condensation  once  vapor  is  cooled  in  the  atmosphere  outside  the  generator.  Exhaust  from 
combusted  diesel  fuel  used  (in  these  field  tests)  to  run  the  generator  is  also  comingled  with  fog 
oil  vapor  before  discharge  from  the  generator.  It  follows  that  products  of  the  diesel  fuel 
combustion  were  assessed  for  toxicity  and  carcinogenicity  along  with  those  compounds  present 
in  fog  oil  smoke. 

Results  of  the  fog  oil  smoke  monitoring  program  and  related  analytical  work  provided  the 
necessary  information  for  conducting  a  PRE  on  fog  oil  "smoke."  The  results  of  existing 
toxicological  studies  contained  in  the  literature,  combined  with  results  of  this  PRE  and  modified 
Ames  tests,  comprised  the  weight-of-evidence  considered  for  evaluating  the  health  effects  of 
exposure  to  fog  oil  smoke.  The  PRE  methodology  used  highly  simplified  and  conservative 
(health-protective)  exposure  assumptions  which  tend  to  overestimate  adverse  health  effects  of 
fog  oil  smoke. 

3.0  TECHNICAL  APPROACH 
3.1  General  Sampling  Design 

Field  testing  was  performed  to  determine  if  chemicals  of  potential  concern  (COPCs)  were 
present  in  the  smoke.  Since  two  smoke  generators  are  expected  to  see  predominant  use 
during  fog  oil  obscurant  training  at  Fort  Leonard  Wood,  tests  were  done  with  each  generator  to 
determine  if  smoke  characteristics  were  different.  Fog  oil  from  Lot  Number  21095, 
manufactured  in  March  1991  by  American  Lubricating  Company,  Inc.  was  used  in  the  testing 
program  with  the  M56  and  Ml 57  generators.  The  sampling  program  was  conducted  with  the 
assistance  of  Product  Management  (PM)  Smoke/Obscurants  at  the  U.S.  Army  Aberdeen 
Proving  Ground,  Edgewood,  Maryland  in  December  1995. 

The  fog  oil  obscurant  cloud  was  sampled  at  stations  located  downwind  of  the  generators.  The 
distances  of  stations  from  the  generators  and  the  types  of  samples  taken  for  each  test  were: 
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Test  1-  M56  Generator 

2  Reference  (Background) 

11  meters 

11  meters 

25  meters 

25  meters 

200  meters 

200  meters 

Liquid  SGF-2  Fog  Oil 

Field  (Trip)  Blank 


Test  2  -  Ml 57  Generator 
2  Reference  (Background) 

<  1  meter 

<  1  meter 
11  meters 
11  meters 

1 00  meters 
100  meters 
Liquid  SGF-2  Fog  Oil 
Laboratory  (Method)  Blank 


Liquid  SGF-2  fog  oil  was  analyzed  for  reference  purposes  in  order  to  determine  if  there  were 
any  chemical  transformations  occurring  during  smoke  generation  from  the  internal  temperatures 
of  1,050°F  and  1,400°F,  within  the  M56  and  Ml 57  generators,  respectively. 

Fog  oil  smoke  was  produced  by  the  M56  turbine  generator  in  Test  1 .  Diesel  fuel  was  used  in 
Test  1  to  power  the  M56  turbine  engine  and  to  create  the  hot  exhaust  necessary  to  produce 
smoke  from  liquid  fog  oil.  The  M56  generates  smoke  by  injecting  SGF-2  oil  through  a  nozzle 
into  the  turbine  exhaust.  Heat  from  the  turbine  exhaust  vaporizes  the  SGF-2  fog  oil  within  the 
exhaust  cone.  When  vaporized  fog  oil  exits  the  generator,  it  cools  and  condenses  into  small 
(approximately  one  micron  (pm)  sized)  oil  droplets  which  collectively  make  up  the  obscurant 
"smoke."  Fog  oil  flow  is  controlled  by  a  thermocouple  located  in  the  exhaust  nozzle.  The  rate 
of  fog  oil  usage  by  the  M56  in  this  test  was  1 .33  gallons  per  minute  (gpm)  or  80  gallons  per 
hour  (gph).  Given  the  force  of  the  exhaust  and  the  1 ,050°  F  exhaust  gas  temperature,  the 
smoke  cloud  begins  to  form  several  feet  from  the  generator  (U.S.  Army,  1995). 

The  Ml 57  pulse  jet  generator  system  consisting  of  two  M54  generators  was  used  in  Test  2.  In 
Test  2  obscurant  smoke  was  produced  using  one  of  the  two  generators.  For  Test  2,  the  Ml  57 
was  powered  by  diesel  fuel.  Each  M157  generator  is  capable  of  vaporizing  0.67  gpm  of  fog  oil 
(40  gph).  The  primary  fuel  (diesel)  is  pulsed,  along  with  air,  into  a  combustion  chamber  at  a 
rate  of  60  cycles  per  second.  The  pressure  created  by  the  explosion  closes  the  engine  valve 
and  forces  the  gases  through  an  exhaust  tube.  When  the  exhaust  gas  has  reached  the  proper 
operating  temperature  of  1,475-1,575°  F  (measured  by  a  thermocouple  in  the  exhaust  stream), 
fog  oil  is  then  fed  to  the  generator. 

The  heated  exhaust  gas  from  combustion  of  primary  fuel  passes  into  a  vaporization  chamber 
where  fog  oil  is  injected  into  the  exhaust  gas  stream.  Vaporization  occurs  as  the  fog  oil  is 
mixed  with  the  exhaust  gases  and  forced  into  the  atmosphere  through  one  of  three  exhaust 
jets,  where  it  cools  and  condenses  into  very  small  liquid  droplets.  The  small  recondensed  oil 
droplets  form  a  white  smoke  cloud.  The  temperature  of  the  smoke  as  it  is  discharged  from  the 
exhaust  port  is  between  700-1,000°  F  (U.S.  Army,  1995). 
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3.2  Sample  Collection  and  Analysis 


Evacuated  Summa  polished  6-liter  canisters  were  used  to  collect  whole  air  (grab)  samples  for 
analysis  of  volatile  organic  compounds  (VOCs)  ranging  in  carbon  number  from  C2  through  C10. 
XAD-2  adsorbent  cartridges  connected  to  SKC  sampling  pumps,  were  used  to  collect 
semivolatile  organic  compounds  (SVOCs)  with  carbon  number  greater  than  C10.  Samples  of 
liquid  SGF-2  oil  used  for  smoke  generation  were  collected  and  analyzed  for  the  same  suite  of 
target  analytes  as  analyzed  in  the  smoke  emission  samples  (Battelle,  1996).  See  Appendix  B, 
Fog  Oil  Sampling  and  Analysis  (Battelle,  1996)  for  a  complete  listing  of  analyzed  compounds, 
methods  of  sampling  and  analysis,  and  results  for  Tests  1  and  2. 

Wind  direction  was  variable  on  the  days  the  sampling  was  conducted  and  therefore  moved  the 
main  axis  of  the  fog  oil  plume  back  and  forth  over  about  a  60  degree  arc.  To  ensure  an 
adequate  sample  was  obtained  for  analysis,  the  Summa  grab  samples  were  taken  only  when 
the  fog  oil  cloud  surrounded  the  person  taking  the  sample.  The  XAD-2  samples  collected 
continuously  at  the  stations  within  25  m  of  the  generators  were  taken  from  fixed  locations 
because  the  fog  oil  plume  blanketed  those  stations  throughout  the  test  procedures.  The  back 
and  forth  movement  of  the  fog  oil  plume  at  the  100  m  and  200  m  distances  from  the  generator 
required  movement  of  the  XAD-2  samplers  to  maintain  their  position  within  the  fog  oil  plume. 
Care  was  taken  when  moving  the  samplers  to  adhere  to  the  prescribed  100  m  and  200  m 
distances  from  the  generator.  The  strategy  to  move  XAD-2  samplers  at  the  100  m  and  200  m 
stations  was  implemented  to  ensure  that  a  representative  sample  for  chemical  analysis  was 
obtained. 

In  the  analysis  of  the  fog  oil  and  smoke  samples,  volatile  and  semivolatile  hydrocarbons  were 
determined.  The  VOC  analyses  included  C5  to  C10  alkanes,  cycloalkanes,  and  alkyl  benzenes. 
The  semi-volatile  analyses  included  C10  to  C36  n-alkanes  and  isoprenoids,  decalins,  2-  to  6- 
ringed  parent  and  alkylated  PAHs,  and  total  hydrocarbons.  As  part  of  the  semivolatile 
hydrocarbon  analysis,  selected  oxygen  and  sulfur  heterocyclic  compounds;  which  include 
dibenzofurans,  benzothiophenes,  and  dibenzothiophenes,  were  determined. 

The  volatile  hydrocarbon  and  PAHs  (including  decalins)  were  analyzed  by  capillary  column  gas 
chromatography/mass  spectrometry.  The  C10to  C36  n-alkanes  and  isoprenoids,  and  total 
hydrocarbons  (THC)  were  determined  using  capillary  column  gas  chromatography/flame 
ionization  detection  (GC/FID)  methodologies. 

3.3  Fog  Oil  Mutagenicity  Test 

Liquid  fog  oil  was  tested  for  mutagenicity  by  a  modified  Ames  test  designed  specifically  for  oils. 
A  negative  result  for  mutagenicity  indicates  the  oil  is  not  a  likely  carcinogen. 

An  Ames  test  method  modified  for  petroleum  extracts  was  performed  using  methods  of 
Blackburn  et  al.  (1984)  which  are  now  detailed  in  ASTM  Method  E  1687-95.  The  test  involved 
exposing  a  TA98  strain  of  the  bacterium,  Salmonella  typhimurium,  to  different  concentrations  of 
the  oil  extract.  This  strain  of  S.  typhimurium  has  a  mutation  which  does  not  allow  synthesis  of 
the  amino  acid,  histidine  and  is  therefore  histidine-dependent.  An  oil  is  determined  to  be 
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mutagenic  if  the  exposed  bacterium  reverts  from  histidine  dependence  to  histidine 
independence.  The  conversion  from  histidine  dependence  to  independence  is  attributable  to 
genetic  mutation  caused  by  the  oil. 

The  initial  experimental  design  called  for  modified  Ames  tests  to  be  performed  on  liquid  fog  oil 
used  in  each  generator  and  on  fog  oil  smoke  samples  collected  from  the  two  generators. 
Because  the  volume  of  oil  in  smoke  samples  was  insufficient  to  perform  a  modified  Ames  test, 
mutagenicity  tests  were  only  conducted  with  liquid  fog  oil.  The  composition  of  semivolatiles 
(includes  PAHs)  in  liquid  fog  oil  and  smoke  produced  from  the  fog  oil  was  nearly  identical. 
These  analytical  data  support  the  assumption  that  the  results  of  mutagenicity  testing  of  liquid 
fog  oil  should  be  the  same  as  results  from  samples  of  fog  oil  smoke.  The  modified  Ames  test 
was  conducted  by  Microbiological  Associates,  Inc.  (MBA,  1996)  and  results  are  contained  in 
Appendix  D. 

3.4  Risk  Evaluation  Approach 

This  PRE  was  performed  using  EPA  (1995a)  guidance  for  risk  screening  and  with  results  of  the 
hydrocarbon  analyses  of  fog  oil  smoke  (Battelle,  1996;  Appendix  B)  to  identify  chemicals  of 
potential  concern.  This  risk  evaluation  deviated  slightly  from  normal  EPA  risk  screening 
guidance  by  using  exposure  times,  frequencies,  and  durations  that  reflected  those  occurring 
while  soldiers  conduct  fog  oil  training,  rather  than  relying  on  EPA  default  exposures.  The  PRE 
contained  the  following  elements: 

1 .  Data  Evaluation, 

2.  Identification  of  Chemicals  of  Potential  Concern  (COPCs), 

3.  Exposure  Assessment, 

4.  Toxicity  Assessment, 

5.  Risk  Characterization,  and 

6.  Uncertainty  Analysis. 

All  tabulated  data  directly  associated  with  the  text  of  the  PRE  are  presented  in  Appendix  A. 

The  PRE  was  conducted  in  two  parts:  a  highly  conservative  analysis,  and  a  moderately 
conservative  analysis.  Human  health  toxicity  values  were  not  available  for  many  of  the 
compounds  identified  in  fog  oil  smoke  because  EPA  (1995a,  1995b,  and  1996)  has  not  yet 
developed  the  values.  Thus,  representative  compounds  of  similar  chemical  structure  that  had 
toxicity  values  noted  in  the  literature  were  chosen  to  evaluate  toxicities  of  those  compounds 
which  were  present  in  the  samples  for  which  toxicity  values  were  not  available. 

The  highly  conservative  analysis  included  all  compounds  detected,  while  the  moderately 
conservative  analysis  included  only  compounds  having  toxicity  values  and  those  which  are 
closely  related  to  compounds  having  toxicity  values.  Therefore,  there  is  a  low  level  of  certainty 
associated  with  the  highly  conservative  analysis,  and  a  moderate  level  of  certainty  associated 
with  the  moderately  conservative  analysis. 
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The  availability  of  toxicity  information  on  the  chemicals  of  potential  concern  is  vital  to  the 
performance  of  a  valid  risk  assessment.  Comprehensive  toxicological  databases  for  a 
multitude  of  chemicals  have  been  established  and  are  continually  updated  (EPA,  1995a,  1995b, 
and  1996).  Because  EPA  Region  IX  provides  the  largest  number  of  useful  toxicity  values  for 
this  particular  application,  these  values  (EPA,  1995a)  were  used  to  conduct  the  PRE. 

4.0  RESULTS 

4.1  Chemical  Analytical  Results 

4.1.1  Volatile  Organic  Compounds  (VOCs) 

In  Test  #1  (M56  generator),  concentrations  of  targeted  VOCs  in  samples  nearest  the  generator 
(11  m)  ranged  from  approximately  10  to  70  mg/m3.  A  propene  (C3-ene)  had  an  estimated 
concentration  of  around  200  mg/m3.  Total  BTEX  concentrations  were  found  at  relatively  low 
concentrations  at  approximately  80  mg/m3.  Sample  replication  precision  was  +  25  %.  At  the 
200+  m  sampling  station,  VOCs  were  not  found  at  concentrations  above  background  levels. 

In  Test  #2  (Ml 57  generator),  considerably  higher  concentrations  of  target  analytes  were  found 
in  the  air  samples.  At  the  0.5  m  station,  Total  BTEX  concentrations  were  the  highest  for  all 
sample  stations  at  approximately  21,000  mg/m3,  of  which  benzene  made  up  half. 

Concentrations  of  all  the  targeted  VOCs  generally  ranged  from  1,000  to  12,000  mg/m3 
(individual).  There  were  two  compounds,  propyne  and  a  butene,  that  had  values  of 
approximately  25,000  and  80,000  mg/m3,  respectively.  At  the  1 1  m  station,  VOC 
concentrations  between  duplicates  were  different  by  a  factor  of  four.  Concentration  of  the  Total 
BTEX  was  approximately  800  mg/m3  in  the  highest  VOC  concentration  duplicate.  VOC 
concentrations  at  the  100  m  station  were  near  but  above  background  levels  for  most  target 
analytes.  Most  of  the  BTEX  compounds  were  still  present  at  24  mg/m3  Total  BTEX. 

The  VOC  composition  in  fog  oil  was  similar  to  the  composition  in  fog  oil  smoke  produced  from 
the  M56  generator,  but  not  for  the  Ml  57  generator.  Only  a  few  of  the  higher  molecular  weight 
compounds  determined  in  the  fog  oil  samples  were  observed  in  the  Test  #2  (Ml 57  generator) 
smoke  samples.  It  is  assumed  that  operating  design  differences  between  generators  contribute 
to  this  difference.  Table  10  of  Appendix  B  depicts  VOC  compounds  identified  for  Test  1  and  2. 

4.1.2  Semivolatile  Organic  Compounds  (SVOCs) 

In  the  SGF-2  fog  oils,  there  were  no  saturated  hydrocarbons  (n-alkanes  or  isoprenoids-pristane 
and  phytane),  even  at  the  low  parts  per  million  level  (0.1  ppm).  The  total  hydrocarbon  (THC) 
concentration,  which  consisted  almost  totally  of  unresolvable  compounds  shown  as  a  hump  in 
the  GC  trace  (unresolved  complex  mixture-UCM),  was  830,000  mg/kg  (oil  basis).  The  major 
portion  of  compounds  in  the  UCM  was  between  the  boiling  points  of  the  n-alkanes  C17  and  C33. 
Unlike  other  mineral  oils  which  have  been  characterized  in  the  laboratory,  very  small  amounts 
of  resolved  compounds  were  evident  in  this  SGF-2  fog  oil. 
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Depending  on  the  location  of  the  samplers,  THC  concentrations  in  samples  ranged  from  4  to 
12,000  mg/m3;  reference  THC  concentrations  were  <1  mg/m3.  The  compositions  (relative 
distributions)  of  the  resolved  compounds  and  UCM  in  air,  were  basically  unchanged  relative  to 
the  test  oils.  No  n-alkanes  or  isoprenoids  were  found  in  any  of  the  air  samples,  similar  to  the 
fog  oil. 

The  fog  oil  has  a  dominance  of  the  three-ringed  PAHs,  especially  the  sulfur-heterocyclic 
compounds-dibenzothiophenes.  The  dibenzothiophenes  as  a  group  (alkyl  homologues)  are 
approximately  2.5  times  higher  than  the  phenanthrene  group,  the  next  largest  alkyl  group.  The 
concentrations  of  the  individual  unsubstituted  semivolatile  compounds  were  very  low  compared 
to  their  alkyl  homologues.  For  instance  in  Test  1  of  fog  oil,  phenanthrene,  typically  the  highest 
priority  pollutant  PAH,  was  90  mg/kg  oil,  whereas  the  alkyl  phenanthrene  group  was  3,200 
mg/kg. 

In  the  air  samples,  the  composition  of  the  PAHs  was  unchanged  compared  to  the  test  oils.  The 
PAH  distribution  plots  of  the  air  samples  clearly  demonstrated  the  consistency  in  composition  in 
all  air  samples  of  both  tests.  Concentrations  of  PAHs  reflected  those  of  THC  and  the  saturated 
hydrocarbons.  Total  PAH  concentrations  were  highest  in  the  0.5  m  station  sample  in  Test  2 
(Ml  57  generator)  at  140  to  220  mg/m3.  Although  VOCs  were  not  detected  in  samples  at  the 
200  m  station,  remnant  fog  oil  PAHs  (mostly,  dibenzothiophenes)  were  found  at  a  concentration 
of  approximately  7  mg/m3  Total  PAHs,  20  to  30  times  lower  than  the  most  concentrated  air 
samples  at  the  0.5  m  station.  Lower  detection  limits  in  PAH  analysis  compared  to  the  VOCs 
allowed  these  analytes  to  be  detected. 

As  part  of  the  semivolatile  organic  characterization,  fifteen  major  peaks  in  the  chromatogram  of 
the  GC/MS  analysis  of  the  neat  fog  oil  and  two  fog  oil  smoke  samples  were  identified  by  a 
computer  library  search  routine,  and  concentrations  were  estimated.  The  peak  heights  of  all 
peaks  in  the  chromatograms  were  relatively  low  and  insignificant  compared  to  the  large 
unresolved  complex  mixture.  Although  resolvable  peaks  in  most  oils  are  saturated 
hydrocarbons,  the  peaks  in  these  test  oils  and  fog  oil  smoke  were  mostly  individual  alkylated 
PAHs.  The  lack  of  saturated  hydrocarbons  was  confirmed  by  the  GC/FID  analysis.  Other 
compounds  included  the  ubiquitous  phthalates,  which  were  probably  sampling/handling 
contaminants.  Tables  1 1  and  12  in  Appendix  B  depict  results  of  SVOC  analyses. 

4.1.3  Total  Fog  Oil  Concentration  with  Distance  from  Generators 

The  total  fog  oil  concentration  in  air  at  the  stations  monitored  downwind  of  the  M56  and  Ml  57 
generators  are  shown  in  Figures  1  and  2,  respectively.  In  an  effort  to  obtain  a  linear  regression 
of  concentration  with  distance,  a  log  to  log  comparison  was  made.  The  regression  line  for  each 
graph  was  based  on  visual  interpretation  of  the  data  points.  The  total  fog  oil  concentrations 
found  at  different  distances  downwind  of  the  two  generators  would  be  expected  to  vary 
somewhat  due  to  different  wind  conditions  on  the  two  days  the  generators  were  separately 
sampled  and  the  different  rates  of  fog  oil  smoke  production  by  the  two  generators.  As 
interpreted  from  the  graphs,  the  concentrations  of  total  fog  oil  differed  widely  for  the  two 
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generators  when  comparing  distances  within  50  m;  however,  by  100  m  and  200  m  the  fog  oil 
concentrations  for  the  generators  were  within  1  to  3  mg/m3  of  each  other. 

4.2  Modified  Ames  Test  Results 

Two  samples  of  SGF-2  fog  oil  used  in  the  field  monitoring  program  were  tested  for  mutagenicity 
by  a  modified  Ames  test.  The  SGF-2  fog  oil  was  not  mutagenic  as  determined  by  the  modified 
Ames  test.  The  Ames  mutagenicity  test  is  only  an  indicator  of  the  potential  carcinogenicity  of  a 
material.  Therefore,  an  Ames  test  result  cannot  be  used  by  itself  to  judge  whether  or  not  a 
material  is  carcinogenic.  In  this  study,  the  Ames  testing  was  conducted  to  provide  additional 
weight-of-evidence  by  which  to  evaluate  the  carcinogenic  nature  of  fog  oil.  Results  of  the  fog  oil 
mutagenicity  test  are  contained  in  Appendix  C. 

4.3  Human  Health  Risk  Evaluation  Results 

4.3.1  Data  Evaluation 

Analytical  data  used  to  conduct  the  PRE  were  reviewed  using  an  EPA  Level  III  Data  Validation 
process  (Parsons  ES,  1996;  Appendix  D).  Data  validation  is  recommended  by  EPA  to  guard 
against  the  use  of  invalid  analytical  data  in  the  PRE. 

A  few  VOC  and  PAH  values  that  were  eliminated  because  of  blank  contamination  by  data 
validation  from  the  PRE  had  an  insignificant  effect  on  calculation  of  hazard  or  risk  due  to  the 
very  low  levels  of  contamination  in  the  blanks. 

The  VOC  results  were  qualified  due  to  trip  blank  contamination.  Trip  blank  contamination  was 
noted  for  benzene,  cyclohexene,  1-heptene  and  1,2,4,-trimethylbenzene  at  concentrations 
ranging  from  1  to  3  pg/m3.  Values  for  these  VOC  compounds  were  excluded  from  the  PRE 
when  their  concentration  at  a  sample  location  was  less  than  5  times  the  trip  blank 
concentration. 

The  PAH  results  were  qualified  due  to  field  and  method  blank  contamination.  PAHs  detected  in 
trip  and  method  blanks  were  decalin,  C-1  decalins,  naphthalene,  Cl  and  C2  naphthalenes, 
dibenzofuran,  fluorene,  and  phenanthrene  at  concentrations  ranging  from  0.12  to  0.91  pg/m3. 
Values  for  these  PAH  compounds  were  excluded  from  the  PRE  when  their  concentration  at  a 
sample  location  was  less  than  5  times  the  trip  blank  or  method  blank  concentration. 

The  VOCs  detected  during  Tests  1  and  2  are  presented  in  Tables  A1  and  A2,  respectively  of 
Appendix  A.  The  SVOCs,  detected  during  Tests  1  and  2,  are  presented  in  Table  A3  in 
Appendix  A. 

4.3.2  Identification  of  the  COPCs 

The  COPCs  consist  of  all  of  those  compounds  detected  in  Tests  1  and  2  (Tables  1 A  through  3A 
in  Appendix  A).  Note  that  the  detected  compounds  in  Tables  1A  through  3A  are  grouped  by 
their  association  with  representative  compounds.  Compounds  having  toxicity  values  available 
for  quantitative  risk  assessment  were  selected  as  representative  compounds  in  order  to 
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approximate,  as  nearly  as  possible,  the  hazards  and  risks  associate  with  compounds  lacking 
toxicity  values. 


Some  detected  compounds  are  more  closely  related  structurally  to  the  representative 
compounds  than  others.  Compounds  which  are  very  similar  in  structure  to  the  representative 
compound  (e.g.,  assigning  naphthalene  toxicity  values  to  represent  C-1  naphthalenes)  are 
considered  more  reliable  surrogates  for  toxicity  and  therefore  add  greater  certainty  to  the  risk 
evaluation.  Thirty-three  target  VOCs  were  identified  in  fog  oil  smoke  samples.  Of  those, 
toxicity  values  were  found  for  seven.  The  detected  VOCs  and  their  toxicity  values  based  on 
noncarcinogenic  effects  were: 


Detected  VOCs 

Benzene 

Toluene 

Ethylbenzene 

m-Xylene 

Styrene 

Methyl  cyclohexane 
Cyclohexanone 


RfD;  fma/ko/d^ 

1.7E-03 

1.  IE-01 

2.9E-01 

2.0E-01 

2.9E-01 

8.6E-01 

5.0E+00 


With  respect  to  noncarcinogenic  effects,  benzene  was  the  most  toxic  of  the  VOC  compounds 
detected  in  smoke.  The  highest  concentration  for  benzene  was  12,105  pg/m3  at  the  0.5  m 
station  downwind  from  the  Ml 57  generator.  Of  all  VOCs  analyzed,  propyne  had  the  highest 
concentration  of  87,536  p/m3  at  the  0.5  meter  station  from  the  Ml 57.  In  general,  total  VOC 
concentration  decreased  by  about  two  orders  of  magnitude  by  1 1  m  from  the  generators  and  at 
100  m  the  highest  concentration  for  any  VOC  (propyne)  was  80  pg/m3. 

The  two  VOC  carcinogens  were  1 ,3-butadiene  and  benzene.  Of  the  two,  1 ,3-butadiene  is  the 
more  potent.  Both  were  found  at  about  the  same  concentration  at  the  closest  station  in  Test  2 
(0.5  m  from  M157).  At  the  11m  station,  1,3-butadiene  was  not  detected  whereas  benzene 
concentrations  decreased  at  about  the  same  rate  as  the  other  VOCs  with  increasing  distance 
from  the  source.  At  the  sampling  stations  located  1 1  m  and  0.5  m  from  the  generator  in  Test  1 
and  2,  respectively,  1 ,3  -  butadiene  was  found  in  the  fog  oil  smoke,  but  was  not  present  in  the 
liquid  fog  oil. 


Because  1,3  -  butadiene  is  a  compound  associated  with  diesel  fuel  it  was  therefore  assumed  to 
have  come  from  the  incomplete  combustion  of  the  diesel  fuel  used  to  operate  the  generators. 
1,3  -  butadiene  could  not  be  detected  in  stations  at  25  m  and  further  distances  from  the 
generators. 


Fifty-seven  SVOCs  were  targeted  for  analysis  in  liquid  fog  oil  and  fog  oil  smoke.  Of  those,  only 
seven  were  not  detected  in  fog  oil  smoke.  Toxicity  values  were  found  for  seven  of  the  50 
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SVOCs  found  in  fog  oil  smoke.  The  following  are  the  detected  SVOCs  and  their 
noncarcinogenic  toxicity  values. 


Detected  SVOCs 

Naphthalene 

Biphenyl 

Acenaphthene 

Dibenzofuran 

Fluorene 

Anthracene 

Pyrene 


RfDi  (ma/ka/d) 

4.0E-02 

5.0E-02 

6.0E-02 

4.0E-03 

4.0E-02 

3.0E-01 

3.0E-02 


Of  the  SVOCs  for  which  toxicity  values  were  found,  dibenzofuran  was  the  most  toxic.  The 
highest  concentration  of  dibenzofuran  was  69  pg/m3  at  the  0.5  station  in  Test  2  (M157).  Of  all 
SVOCs  detected,  C3-dibenzothiophene  was  present  in  the  highest  concentration  of  41,456 
pg/m3  at  the  0.5  m  station  in  Test  2. 

Carcinogenic  risk  factors  were  found  for  three  of  the  50  SVOCs  detected  in  fog  oil  smoke.  The 
SVOC  carcinogens  in  smoke  were  benz(a)anthracene,  chrysene  and  benzo(b)fluoranthene. 
Benz(a)anthracene  and  benzo(b)fluoranthene  had  equal  carcinogenic  slope  factors  and  were 
the  most  potent  of  the  three  carcinogens  detected  for  which  EPA  carcinogenic  risk  values  were 
found.  The  highest  concentration  for  benz(a)anthracene  and  benzo(b)fluoranthene  was  found 
at  the  0.5  m  station  in  Test  2  (Ml 57  generator),  and  was  340  pg/m3  and  109  pg/m3, 
respectively.  Chrysene  was  the  least  potent  of  the  four,  but  had  the  highest  concentration  of 
867  pg/m3,  again  at  the  0.5  m  station  in  Test  2. 

Of  the  SVOC  carcinogens  found  in  fog  oil  smoke,  benz(a)anthracene  was  not  present  in  the 
liquid  fog  oil.  This  compound  is  commonly  associated  with  diesel  fuel  and  like  1,3  -  butadiene, 
was  assumed  to  have  come  from  the  incomplete  combustion  of  the  diesel  fuel  used  to  operate 
the  generators.  Benz(a)anthracene  was  found  at  the  0.5  meter  station  in  Test  2,  but  was  not 
detected  at  1 1  m  station  and  those  more  distant  from  the  generators. 


The  carcinogenic  compounds  analyzed  in  fog  oil  were  among  those  commonly  found  in 
petroleum  fuels  and  gasolines,  but  were  present  in  much  less  concentration.  A  complete  listing 
of  VOC  and  SVOCs  detected  at  the  different  stations  and  their  concentrations  are  depicted  on 
Tables  4A,  5A,  6A  and  7  A  in  Appendix  A. 


4.3.3  Exposure  Assessment 

The  objective  of  the  exposure  assessment  in  this  PRE  is  to  estimate  the  exposure  point 
concentrations  (EPCs)  at  various  distances  downwind  of  the  generators,  and  compare  the 
EPCs  to  calculated  chemical-specific  action  levels  which  are  protective  of  human  health.  For 
this  risk  evaluation,  an  EPC  for  a  given  compound  at  a  given  location  is  equal  to  the  maximum 
concentration  measured  at  that  location  irrespective  of  the  generator  used  to  produce  smoke. 
This  approach  is  typical  of  screening-type  evaluations,  such  as  the  PRE. 
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The  maximum  EPCs  measured  at  each  location  during  Test  1  are  presented  in  Tables  A4  and 
A5  of  Appendix  A.  Likewise,  the  maximum  EPCs  measured  at  each  location  during  Test  2  are 
presented  in  Tables  A6  and  A7  of  Appendix  A.  As  expected,  the  concentrations  generally 
decrease  at  greater  distances  downwind  from  the  source. 

The  methodology  used  to  estimate  hazards  and  risks  in  the  PRE  is  similar  to  that  provided  by 
EPA  Region  IX  for  risk  screening  (EPA,  1995a).  This  methodology  is  based  upon  making 
comparisons  to  published  preliminary  remediation  goals  (PRGs)  listed  in  the  guidance.  This 
risk  evaluation  differed  slightly  from  the  EPA  (1995a)  screening  method  by  the  use  of  chemical- 
specific  values  that  were  developed  for  use  in  the  fog  oil  risk  evaluation  instead  of  using  the 
PRGs.  The  PRGs  were  not  used  because  they  are  based  on  standard  residential  and 
commercial/industrial  exposure  scenarios  that  do  not  provide  an  adaquate  match  for  anticipated 
fog  oil  exposures  to  soldiers  involved  in  training.  Instead,  chemical-specific  values  ("action 
levels")  were  modified  from  EPA  default  values  (EPA,  1995a)  only  to  the  extent  they  are 
calculated  based  on  exposure  variables  specific  to  fog  oil  obscurant  training.  The  exposure 
variables  used  to  calculate  the  action  levels  are  presented  in  Table  A8  of  Appendix  A. 

Table  A9  (Appendix  A)  presents  the  formulas  used  to  calculate  the  action  levels.  Two  types  of 
action  levels  have  been  calculated:  one  type  (ALn)  is  used  to  evaluate  potential  noncarcinogenic 
effects,  and  the  other  type  (ALC)  is  used  to  evaluate  potential  carcinogenic  effects.  Tables  A10 
through  A12  (Appendix  A)  list  the  toxicity  values  from  EPA  (1995a)  used  to  calculate  the  action 
levels.  The  action  levels  calculated  are  presented  in  Tables  A13  through  A15  (Appendix  A). 
Further  explanation  of  the  toxicity  values  is  provided  in  the  next  section. 

4.3.4  Toxicity  Assessment 

The  objective  of  the  toxicity  assessment  is  to  weigh  available  evidence  regarding  the  potential 
for  particular  chemicals  to  cause  adverse  effects  in  exposed  individuals,  and  to  provide,  where 
possible,  an  estimate  of  the  relationship  between  the  extent  of  exposure  to  a  chemical  and  the 
increased  likelihood  and/or  severity  of  adverse  effects. 

The  toxicity  values  used  (Tables  A10  through  A12,  Appendix  A)  were  those  for  inhalation 
published  by  EPA  (1995a)  Region  IX.  There  are  two  types  of  toxicity  values  which  are  used  in 
this  PRE:  the  inhalation  reference  dose  (RfDs)  and  the  inhalation  slope  factor  (SFj).  The  RfDj  is 
used  to  assess  noncarcinogenic  effects,  and  the  units  are  in  mg/kg/d;  that  is,  the  RfD;  is  in  the 
form  of  a  dose.  The  RfD,  is  the  dose  at  which  adverse  noncarcinogenic  health  effects  are 
unlikely  to  occur.  The  SFj  is  used  to  assess  carcinogenic  effects,  and  the  units  are  in 
(mg/kg/d)'1;  that  is,  risk  per  dose. 

4.3.5  Risk  Characterization 

Ultimately,  the  purpose  of  the  risk  characterization  in  this  PRE  is  to  estimate  the  levels  of 
excess  noncarcinogenic  hazards  and  excess  carcinogenic  risks  which  may  be  encountered  and 
relate  them  to  levels  which  may  be  considered  significant  or  insignificant  as  defined  by 
numerical  criteria.  "Excess"  hazards  and  risks  are  those  hypothetically  associated  with 
exposure  to  fog  oil  smoke  during  training  exercises. 
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A  hazard  quotient  and/or  risk  was  calculated  for  each  chemical  where  possible.  The  hazard 
quotient  (HQ)  is  an  indicator  of  the  potential  for  adverse  noncarcinogenic  effects  to  occur.  The 
calculated  risk  represents  the  hypothetical  probability  that  an  individual  will  develop  cancer  due 
to  exposure  to  the  chemical  in  question.  The  following  equations  describe  the  calculations: 

HQ  =  C/ALn 
risk  =  (C/ALc)  x  1 0'6 

where, 

HQ  =  hazard  quotient 

ALn  =  action  level  for  noncarcinogenic  effects 

C  =  measured  ambient  air  concentration  of  a  given  chemical 

ALC  =  action  level  for  carcinogenic  effects 

Cumulative  hazards  and  risks  are  presented  in  Tables  A16  through  A19  (Appendix  A)  for  all 
chemicals  detected.  The  cumulative  noncarcinogenic  effects  are  represented  by  a  hazard 
index,  which  equals  the  sum  of  all  HQs,  as  follows: 

hazard  index  =  £  (HQ„  HQ2 ...  Hq /) 

Likewise,  the  cumulative  carcinogenic  effects  are  represented  by  the  sum  of  all  chemical- 
specific  risks,  as  follows: 

risky  =  £  (risk,,  risk2,  ...  risk,) 

where  riskT  =  the  total  (cumulative)  risk. 

Tables  A16  through  A19  (Appendix  A)  present  the  comprehensive  lists  of  compound-specific 
and  location-specific  hazard  quotients  and  risks  for  all  compounds  detected  in  Tests  1  and  2.  It 
should  be  noted  that  the  level  of  certainty  associated  with  each  value  calculated  varies  across 
the  range  of  compounds.  Table  A16  presents  all  hazard  quotients  for  Test  1;  Table  A17 
presents  all  hazard  quotients  for  Test  2;  Table  A18  presents  all  risks  for  Test  1;  and  Table  A19 
presents  all  risks  for  Test  2. 

EPA's  target  cumulative  non-carcinogenic,  toxicity  hazard  index  for  Superfund  sites  equals  1. 
EPA's  target  range  for  cumulative  carcinogenic  risk  associated  with  Superfund  sites  is  1  in 
1,000,000  (10"6)  to  1  in  10,000  (10-4).  While  Fort  Leonard  Wood  is  not  a  Superfund  site,  these 
benchmarks  were  used  herein  to  make  judgments  about  the  significance  of  the  risk  associated 
with  exposure  to  fog  oil  smoke  emissions. 

For  purposes  of  this  preliminary  risk  evaluation  the  following  criteria  applied: 

(1)  an  insignificant  level  of  exposure  is  that  in  which  the  hazard  index  is  less  than  or 
equal  to  1,  and  the  risk  is  less  than  or  equal  to  10'6; 
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(2)  a  nominally  insignificant  level  of  exposure  is  that  in  which  the  hazard  index  is 
less  than  or  equal  to  1,  and  the  risk  is  greater  than  10'6,  but  less  than  or  equal  to 
10-4;  and 

(3)  a  significant  level  of  exposure  is  that  in  which  the  hazard  index  is  greater  than  1 , 
and/or  the  risk  is  greater  than  1 0'4. 

4.3.5.1  Highly  Conservative  Risk  Analysis 

Tables  1  and  2  present  the  summaries  of  maximal  excess  hazards  and  risks  for  Tests  1  and  2, 
respectively,  using  the  most  conservative  analysis.  Associated  with  this  analysis  is  a  low  level 
of  certainty;  that  is,  the  hazard  indices  and  risks  are  biased  high  due  to  the  inclusion  of  all 
chemicals.  The  inclusion  of  all  chemicals  requires  the  use  of  representative  compounds  which 
may  not  be  closely  related  structurally  to  the  detected  compounds  and  therefore  increase  the 
uncertainty  of  the  results. 

For  Test  1  (Table  1)  total  fog  oil  exposures  higher  than  690  mg/m3  (found  within  11  m  of  the 
generator)  pose  a  significant  hazard  and/or  risk,  while  concentration  of  35  mg/m3  or  less  (at  the 
25  m  station  and  beyond)  are  nominally  insignificant  from  the  standpoint  of  health  hazard 
and/or  risk.  For  Test  2  (Table  2),  concentrations  of  10,750  and  77  mg/m3  (found  at  the  0.5  m 
and  1 1  m  stations  respectively)  are  considered  to  pose  a  significant  hazard  and/or  risk,  while 
concentrations  of  about  5  mg/m3  found  at  distances  at  or  slightly  greater  (within  meters)  than 
100  m  present  a  nominally  insignificant  hazard  and/or  risk. 

4.3.5.2  Moderately  Conservative  Risk  Analysis 

The  second  analysis,  as  presented  in  Tables  3  and  4,  is  considered  more  reliable,  and  should 
be  used  for  decision-making  purposes.  In  the  second  analysis,  compounds  lacking  toxicity 
values  and  lacking  closely-related  representative  compounds  were  eliminated  from  the  analysis. 
The  compounds  which  were  eliminated  may  be  deduced  by  comparing  Tables  3  and  4  with 
Tables  1  and  2,  respectively.  Based  upon  these  findings,  the  following  conclusions  may  be 
drawn  with  respect  to  exposures  to  fog  oil  smoke  at  different  distances  downwind  of  the 
generator: 

(1)  TEST  1  (M56  Generator;  Table  3): 

(a)  Concentrations  greater  than  690  mg/m3  (found  at  locations  up  to  1 1  m  from  the 
generator)  are  associated  with  a  significant  level  of  hazard  and/or  risk; 

(b)  Concentrations  ranging  from  690  to  35  mg/m3  (found  at  locations  1 1  and  25  m, 
respectively)  are  associated  with  a  potentially  significant  level  of  hazard  and/or 
risk,  although  this  is  not  directly  quantifiable;  and 

(c)  Concentrations  less  than  or  equal  to  35  mg/m3  (found  at  locations  greater  than  or 
equal  to  25  m  from  the  generator)  may  be  considered  "safe." 

(2)  TEST  2  (Ml  57  Generator;  Table  4): 

(a)  Concentrations  ranging  from  77  mg/m3  to  10,750  mg/m3  (found  at  locations  of 
1 1  m  and  0.5  m  from  the  generator)  are  associated  with  a  significant  level  of 
hazard  and/or  risk; 
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(b)  Concentrations  ranging  between  77  mg/m3  and  7  mg/m3  (found  at  locations 
between  11m  and  100  m  from  the  generator)  are  associated  with  a  potentially 
significant  level  of  hazard  and/or  risk,  although  this  is  not  directly  quantifiable; 

(c)  Concentrations  from  6-7  mg/m3  (found  at  locations  around  100  m  from  the 
generator)  may  be  considered  nominally  "safe";  and 

(d)  A  concentration  of  about  5mg/m3  (found  at  locations  only  slightly  beyond  100  m 
of  the  generator)  may  be  considered  "safe." 

Table  5  relates  total  fog  oil  concentration  in  the  air  to  cumulative  risk  and  cumulative  hazard 
indices  for  the  M56  and  Ml 57  generators.  Figures  1  and  2  relate  total  oil  concentration  in  air  to 
the  distance  from  each  generator,  the  M56  and  Ml  57,  respectively.  For  Test  1 ,  with  the  M56 
Generator,  the  oil  concentration  at  100  meters  is  estimated  at  5  mg/m3.  For  Test  2,  with  the 
Ml 57  Generator,  the  oil  concentration  at  100  meters  is  estimated  at  about  4  mg/m3.  The 
regression  line  for  the  two  graphs  (Figures  1  and  2)  were  hand  drawn  based  on  a  visual  "best 
fit." 

Combining  results  for  Tests  1  and  2,  the  PRE  determined  that  exposure  to  a  total  oil 
concentration  in  air  of  less  than  or  equal  to  about  30  mg/m3  is  associated  with  a  hazard  index  of 
1  (Figure  3).  Likewise,  the  PRE  determined  that  a  total  oil  concentration  in  air  of  less  than  or 
equal  to  about  10  mg/m3  is  associated  with  a  cancer  risk  of  10'6  (Figure  4).  It  is  therefore  safe 
to  assume  that  a  field  action  level  set  at  5  mg/m3  will  be  protective  with  a  reasonable  margin  of 
safety. 
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TABLE  3 

SUMMARY  OF  EXCESS  HAZARDS  AND  RISKS  FOR  TEST  1 
MODERATE  LEVEL  OF  CERTAINTY;  MODERATE  LEVEL  OF  CONSERVATISM1 
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TABLE  4 

SUMMARY  OF  EXCESS  HAZARDS  AND  RISKS  FOR  TEST  2 
MODERATE  LEVEL  OF  CERTAINTY;  MODERATE  LEVEL  OF  CONSERVATISM1 


<o 

Nl 

<8 


<o 

© 

JZ 

o> 


E 

o 


•8  5 

8--S 

II 

CB  i2 

5  2 

•  *  * 
I  CO 

g  « 
-S2 
H  E 
-x  2 

to  JC 

•c  o 
(8  © 

6  J- 

^  JS 
ii 

X  -r= 

-g  5 

C  TJ 
~  £ 
T*  « 

<0  (A 

N  ” 
(8  2 
-C  £ 

*5  0) 
°  <D 
c  o 

O  X 
“  © 

©  O 


w  to 
“U  *3 
©  w 

«  o 

X 


(0 

5 


0) 

"O 


to  *o 

•o  s 

©  CO 

©  g 
o  5 

X  -C 

o  O 
8)  > 

|5 

5  i 

©  c 
.3  3 
—  o 

©  2 


CO  O) 

0)  C 

*5  to 
o  3  to 

1  8  § 
—  -52  — 
P  ffl  n 

*  a  2 

w  E  -x 

-X  E  to 
<0  2  *3 


*"»  /  \  lump 

©  °  o 

w  ®  v 
CO  2  © 

5  jz  "2 
<  i-  £ 


<»-  C\i 


Evaluation  of  Human  Health  Risks  Associated  with 
Fog  Oil  Training  at  Fort  Leonard  Wood 


21 


February  1997 


TABLE  5 

CUMULATIVE  HAZARD  INDEX  AND  CUMULATIVE  RISK 
AT  DIFFERENT  FOG  OIL  CONCENTRATIONS 
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FIGURE  3.  RELATIONSHIP  OF  OIL  CONCENTRATION  IN  AIR  TO  HAZARD  INDEX 
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Hazard  Index 


FIGURE  4.  RELATIONSHIP  OF  OIL  CONCENTRATION  IN  AIR  TO  CANCER  RISK 


§ 

+ 


(£iu/6iu)  uoijejjuaouoo  l!0 


Evaluation  of  Human  Health  Risks  Associated  with 
Fog  Oil  Training  at  Fort  Leonard  Wood 


24 


February  1997 


Cancer  Risk 


4.3.5.3  Other  Considerations 


The  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH)  has  established  a 
threshold  limit  value  (TLV)  for  occupational  exposure  to  mineral  oil  mists  (ACGIH,  1994-1995). 
The  threshold  limit  value-time  weighted  average  (TLV-TWA)  for  oil  mist  is  5  mg/m3.  The  TLV- 
TWA  is  the  time  weighted  average  concentration  for  a  normal  8-hour  work  day  and  a  40-hour 
workweek,  to  which  nearly  all  workers  may  be  repeatedly  exposed,  day  after  day,  without 
adverse  effects  (ACGIH,  1994-1995). 

Since  military  personnel  involved  in  fog  oil  obscurant  training  would  be  exposed  no  more  than  1 
hour  per  day  during  a  given  week  (see  Table  A8,  Appendix  A  for  PRE  exposure  assumptions), 
an  appropriate  adjusted  TLV  would  be  40  mg/m3  total  oil  mist  (8X5  mg/m3  =  40  mg/m3). 
However,  even  this  level  was  exceeded  at  several  locations.  For  example,  in  the  worst-case,  at 
0.5  m  from  the  source  in  Test  2,  the  maximum  oil  concentration  measured  in  air  was 
85.6mg/6.2  L  or  13,806  mg/m3,  which  is  greater  than  300  times  the  adjusted  TLV.  At  100  m  in 
Test  2  the  maximum  oil  concentration  in  air  was  7.2  mg/m3  and  represents  an  acceptable  TLV- 
TWA  exposure. 

4.3.6  Uncertainty  Analysis 

There  are  several  categories  of  uncertainty  associated  with  site-specific  risk  assessments.  One 
is  the  initial  selection  of  substances  used  to  characterize  exposures,  noncarcinogenic  hazards, 
and  carcinogenic  risks  on  the  basis  of  the  sampling  data  and  available  toxicity  information. 

Other  sources  of  uncertainty  are  inherent  in  the  toxicity  values  used  to  characterize  hazards 
and  risks  for  each  substance.  Additional  uncertainties  are  inherent  in  the  exposure  assessment 
for  individual  substances  and  individual  exposures.  These  uncertainties  are  driven  by  the 
degree  of  reliability  of  the  chemical  monitoring  data,  the  models  used  to  estimate  exposure 
concentrations  in  the  absence  of  monitoring  data,  and  the  population  intake  parameters. 

Finally,  additional  uncertainties  are  incorporated  into  the  risk  assessment  when  exposures  to 
several  substances,  across  multiple  pathways,  are  summed. 

The  use  of  the  EPA  Region  IX  toxicity  values  is  conservative,  but  it  also  introduces  a  significant 
level  of  uncertainty  into  the  assessment.  Most  of  these  values  are  not  based  on  reliable 
inhalation  studies  as  they  should  ideally  be.  Rather,  they  are  derived  mainly  from  oral  toxicity 
values.  In  fact,  relatively  few  chemicals  have  been  adequately  evaluated  via  the  inhalation 
route.  This  is  the  reason  that  the  EPA  Risk  Information  System  (IRIS;  EPA,  1996)  and  the  EPA 
Health  Effects  Assessment  Summary  Tables  (HEAST;  EPA,  1995b)  do  not  provide  inhalation 
toxicity  values  such  as  reference  concentrations  (RfCs)  and  unit  risk  factors  (URFs)  for  most 
chemicals. 

An  example  of  the  uncertainty  attached  to  evaluating  many  of  the  chemicals  detected  in  fog  oil 
smoke  may  be  seen  with  PAHs.  Neither  IRIS  nor  HEAST  list  any  inhalation  values  for  PAHs, 
presumably  because  there  are  insufficient  data,  and  extrapolation  from  oral  studies  is  tenuous. 
Extrapolation  is  tenuous  because  PAHs  are  known  to  act  at  the  portal-of-entry.  Thus,  it  is 
difficult  to  estimate  effects  due  to  inhalation  based  on  oral  data. 
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The  nonconservative  approach  then  would  be  to  not  evaluate  PAHs  at  all  via  the  inhalation 
route.  Yet  the  fact  remains  that  there  is  substantial  evidence  that  inhaled  PAHs  cause  adverse 
health  effects  such  as  lung  tumors,  hence  the  need  to  include  them  in  the  quantitative 
evaluation  in  the  present  case.  The  same  logic  applies  to  chemicals  other  than  PAHs. 

Another  major  source  of  uncertainty  in  this  PRE  is  the  use  of  "surrogate"  toxicity  values;  that  is, 
the  use  of  toxicity  values  for  representative  compounds  for  chemicals  lacking  toxicity  values. 
The  representative  compounds  associated  with  various  compounds  or  groups  of  compounds 
are  presented  in  Tables  A1  through  A3  (Appendix  A).  It  should  be  noted  that  one  result  of  this 
approach  is  that  there  are  varying  levels  of  certainty  across  all  compounds  detected. 

Essentially,  each  compound  falls  into  one  of  three  relative  levels  of  certainty  with  regard  to  the 
toxicity  value  used: 

(1)  highest  level  of  certainty,  meaning  that  EPA  (1995a)  provides  a  toxicity  value  for 
the  compound; 

(2)  moderate  level  of  certainty,  meaning  that  the  EPA  (1995a)  provides  a  toxicity 
value  for  a  compound  which  is  closely  related  structurally;  and 

(3)  low  level  of  certainty,  meaning  that  the  EPA  (1995a)  provides  a  toxicity  value 
only  for  a  compound  which  is  related  structurally,  but  not  closely  related. 

5.0  CONCLUSIONS 

The  human  health  effects  of  exposures  to  fog  oil  were  evaluated  based  on  review  of  existing 
toxicity  literature  (HBA,  1996;  Appendix  E),  indepth  chemical  analysis  of  fog  oil  for  chemicals  of 
concern  in  fog  oil  smoke  and  liquid  fog  oil  (Appendix  B)  and  by  a  preliminary  risk  evaluation 
(PRE)  documented  in  this  report.  The  preponderance  of  evidence  in  the  literature  on  the  health 
effects  of  smoke  generated  with  SGF-2  (Standard  Grade  Fuel)  fog  oil  manufactured  after  1986 
by  military  specification,  MIL-F-12070C,  Amendment  2  and  specifications  thereafter,  indicate 
there  is  limited  potential  for  adverse  effects  to  humans.  The  literature  on  the  toxicity  of  fog  oil 
documents  that  currently  used  SGF-2  has  low  toxicity  when  ingested,  presents  minimal  toxicity 
from  dermal  exposure,  and  has  limited  potential  for  pulmonary  effects  unless  the  Threshold 
Limit  Value-Time  Weighted  Average  (TLV-TWA)  of  5  mg/m3  is  exceeded  for  prolonged  periods 
of  time. 

The  TLV-TWA  standard  of  5  mg/m3  was  established  by  the  Occupational  Safety  and  Health 
Administration  (OSHA),  the  American  Conference  of  Governmental  Industrial  Hygienists 
(ACGIH),  and  other  national  and  international  organizations  to  protect  workers  in  industrial 
settings  from  harmful  exposures  to  mineral  oil  mists  in  the  air.  The  OSHA/ACGIH  5mg/m3  TLV- 
TWA  is  considered  a  safe  concentration  when  workers  are  repeatedly  exposed  for  up  to  8 
hours  per  day  and  5  days  per  week  for  a  worker's  career.  This  health  protective  standard  was 
for  mineral  oils  which  are  severely  acid  treated,  severely  hydrotreated  or  severely  solvent 
treated  to  reduce  the  content  of  carcinogens  and  other  toxic  compounds.  To  meet  the  1986 
military  manufacturing  specifications,  fog  oil  is  severely  treated  to  remove  carcinogens  and 
therefore  represents  the  type  of  mineral  oil  upon  which  the  OSHA/ACGIH  standard  was  based. 

The  human  health  literature  on  fog  oil  revealed  no  detailed  analyses  had  been  conducted  to 
determine  the  hydrocarbon  composition  of  the  new  generation  of  liquid  fog  oil  manufactured 
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after  1986  (Palmer,  1990;  Driver  et  a!.,  1993;  and  HBA,  1996).  Other  unanswered  questions 
involved  the  hydrocarbon  composition  of  smoke  produced  by  M56  and  Ml  57  generators  and 
whether  the  high  internal  temperatures  of  the  generators  could  cause  significant  alteration  to 
the  chemicals  present  in  fog  oil.  The  M56  and  Ml 57  generators  were  of  interest  in  this  health 
evaluation  because  of  their  planned  use  in  fog  oil  obscurant  training  at  Fort  Leonard  Wood. 

In  an  effort  to  develop  this  critical  information,  a  sampling/analytical  program  was  conducted. 
Results  of  the  chemical  anlyses  confirmed  that  polynuclear  aromatic  hydrocarbon 
concentrations  in  liquid  fog  oil  were  very  low.  A  comparison  between  the  hydrocarbon 
composition  of  liquid  fog  oil  and  the  smoke  produced  by  two  different  generators  clearly 
demonstrated  no  significant  hydrocarbon  alterations  had  occurred  due  to  heat  of  the 
generators.  The  hydrocarbon  analytical  program  contributed  valuable  information  on  chemicals 
of  potential  human  health  concern  in  obscurant  fog  oil  smoke  and  served  as  the  basis  of  the 
preliminary  risk  evaluation. 

The  PRE  determined  that  sustained  exposure  of  military  personnel  to  fog  oil  smoke  at 
concentration  of  about  5mg/m3  (or  less)  present  an  insignificant  hazard  and/or  risk. 

Additionally,  occasional,  brief  excursions  to  levels  between  5  and  10  mg/m3  for  unprotected 
personnel  should  be  considered  an  insignificant  health  threat.  These  finding  generally  agree 
with  the  TLV-TWA  established  by  OSHA  and  ACGIH  for  protection  of  workers  in  industrial 
settings  from  exposure  to  mineral  oil  mists  in  the  air. 

The  risk  evaluation  applied  the  highest  protective,  health-based  criteria  used  at  Superfund  sites 
by  EPA  when  deciding  whether  or  not  to  implement  risk  management  options.  While  Fort 
Leonard  Wood  is  not  a  Superfund  site,  these  protective  criteria  were  used  to  make  judgements 
about  the  significance  of  risks  associated  with  exposure  to  fog  oil  smoke  emissions.  The 
exposure  frequencies  and  durations  used  in  the  PRE  in  combination  with  the  downwind  location 
of  sampling  stations  would  indicate  the  results  of  the  PRE  are  worse-case.  However,  the 
intended  purpose  of  a  PRE  is  to  provide  a  conservative  prediction  of  hazard  and/or  risk  so  that 
human  health  protection  is  assured. 

Although  the  PRE  used  exposure  times,  frequencies,  and  durations  estimated  for  military 
personnel  involved  with  the  Chemical  School  as  a  career,  the  results  represent  more  than  a 
"workplace"  estimate  of  risk.  The  toxicity  values  used  in  the  PRE  for  the  compounds  of  concern 
found  in  fog  oil  were  obtained  from  USEPA  toxicity  data  bases  (EPA,  1995b  and  1996).  These 
published  values  are  adjusted  downward  by  EPA,  through  the  use  of  uncertainty  factors  to 
protect  sensitive  individuals  (e.g.,  children,  women  and  elders)  in  the  human  population. 
Although  protective  of  very  sensitive  human  receptors,  they  do  not  protect  the  rare,  ultra¬ 
sensitive  individual  that  may  react  to  any  number  of  different  airborne  exposures,  whether  man¬ 
made  or  produced  by  nature.  The  exposure  times,  durations  and  concentrations  used  in  the 
PRE  are  estimated  to  be  greater  than  those  exposures  anticipated  for  the  general  public. 

It  is  highly  unlikely  that  individuals  positioned  away  from  fog  oil  training  areas,  but  within  the 
boundaries  of  Fort  Leonard  Wood  (FLW),  and  those  outside  the  facility  boundary  will  be 
exposed  to  fog  oil  at  concentrations  that  would  pose  a  health  risk.  Figure  5  depicts  the  locations 
of  fog  oil  obscurant  training  areas  at  Fort  Leonard  Wood.  Each  training  area  has  been 
assigned  a  restrictive  set  of  meteorological  conditions  such  as  wind  direction  and  speed  under 
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which  training  can  be  conducted.  The  area-specific  meteorological  restriction  are  part  of  a  fog 
oil  operating  permit  issued  by  the  Missouri  Department  of  Natural  Resources  (MDNR)  and  were 
devised  to  avoid  unhealthy  exposure  of  fog  oil  obscurant  to  individuals  outside  the  training 
areas.  The  fog  oil  operating  permit  also  specifies  that  training  shall  not  contribute  to  a  safety 
hazard  to  air  traffic  or  vehicular  traffic  on  highways  accessible  to  the  public.  To  assure 
compliance  with  conditions  of  the  permit,  observers  will  be  positioned  at  strategic  places  around 
the  training  area  to  monitor  wind  conditions  and  obscurant  cloud  movement. 

Site-specific  air  dispersion  modeling  conducted  to  support  the  FLW  EIS  air  quality  analysis 
predicted  concentrations  of  less  than  30  pg/m3  at  the  boundary  of  FLW  and  at  the  edge  of  the 
FLW  cantonment  area  when  481  gallons  of  fog  oil  are  used  in  one  hour  (COE  KC,  1997).  This 
volume  is  the  limit  currently  allowed  during  a  24  hour  period  by  the  FLW  air  permit  for  fog  oil 
training.  The  highest  volume  modeled  (i.e.,  the  highest  daily  amount  used  at  FMC)  was  1900 
gallons  per  hour  and  resulted  in  a  concentration  of  less  than  149  pg/m3  at  the  edge  of  the  FLW 
cantonment  and  FLW  boundary.  All  modeling  was  conducted  to  adhere  to  wind  directions  and 
atmospheric  stability  classes  allowed  by  the  FLW  air  permit.  The  results  indicate  that  potential 
exposures  to  the  general  public  will  be  34  to  167  times  lower  than  safe  exposure  level 
determined  by  the  PRE  for  fog  oil  and  the  safe  exposure  level  established  by  the  American 
Conference  of  Industrial  Governmental  Hygienists  (ACGIH,  1994)  for  mineral  oil  mists  in  the 
workplace.  Considering  the  low  concentration,  and  limited  frequency  and  duration  of  fog  oil 
exposures  anticipated  for  the  general  public,  adverse  health  impacts  are  not  anticipated. 

As  part  of  the  fog  oil  training  Air  Permit,  monitoring  will  be  conducted  at  FLW  prior  to  and 
concurrent  with  fog  oil  training.  The  monitoring  study  is  summarized  in  Appendix  K  of  the  Final 
Environmental  Impact  Statement  (FEIS)  conducted  for  the  Relocation  of  U.S.  Army  Chemical 
School  and  U.S.  Army  Military  Police  School  to  Fort  Leonard  Wook,  Missouri  (COE  KC,  1997). 

It  is  anticipated  the  results  of  the  monitoring  program  will  confirm  safe  levels  of  fog  oil  in  the 
cantonment  areas  and  off-post.  In  the  event  concerns  are  identified  from  the  fog  oil  monitoring, 
an  Adaptive  Management  Strategy  plan,  contained  in  Appendix  K  of  the  FEIS,  will  be  used  to 
address  and  mitigate  the  concern.  A  Public  Awareness  Program  will  be  implemented  by  FLW 
prior  to  the  initiation  of  fog  oil  training  to  inform  the  public  on  fog  oil  issues  of  interest. 
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TOXICITY  VALUES  FOR  SVOCs 
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TABLE  A13 

ACTION  LEVELS  FOR  TEST  1  VOCs  (Mg/m3) 


Basis  for  Action  Level 

Carcinogenic  Effects  1 

2.2E+00  | 

2.2E+00  | 

o 

o 

+ 

LU 

CM 

CM 

i 

i 

i 

2.2E+00  | 

7.3E+01  | 

i 

2.2E+00  | 

i 

i 

2.2E+00  | 

i 

i 

l 

1 

i 

i 

i 

i 

i 

i 

i 

i 

Noncarcinogenic  Effects 

l 

1 

i 

3.4E+03 

5.2E+04 

5.2E+04 

1 

1.0E+02 

3.0E+05 

1 

5.2E+04 

6.7E+03 

1 

5.2E+04 

o 

+ 

LU 

CM 

1.2E+04 

o 

+ 

LU 

CM 

O 

+ 

LU 

CM 

o 

+ 

LU 

CM 

1.2E+04 

o 

+ 

LU 

CM 

o 

+ 

LU 

CM 

1.2E+04 

1.2E+04 

1.2E+04 

Detected  Compound 

CD 

C 

0 

1 

CO 

0! 

c 

0 

1  ! 

O! 

1 1,3-butadiene 

|  isobutane 

0 

c 

<0 

QJ 

O 

v— 

O- 

o 

o 

>N 

£ 

0 

E 

"o 

l 

CM 

1 1 ,2-dimethyl  cyclopropane 

1 1  -  hexene 

|  benzene 

o 

1 

<o 

o 

0“ 

c 

s 

0 

sz 

o 

o 

jr 

1 1  -heptene 

1  methyl  cyclohexane 

|  toluene 

1 1  -octene 

|  ethyl  cyclohexane 

0 

C 

0 

i 

i 

Q. 

E 

© 

S 

£ 

i 

.o 

*0 

c 

0 

c 

o 

c 

1 

|  ethyl,  methylbenzene 

1 

|  diethylbenzene 

|  methyl,  propylbenzene 

|  tetramethyl  benzene 

| ethyl,  dimethylbenzene 

|  unknown  b 

|  unknown  c 
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TABLE  A13 

ACTION  LEVELS  FOR  TEST  1  VOCs 
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TABLEAU 

ACTION  LEVELS  FOR  TEST  2  VOCs  ((jg/m3) 


Basis  for  Action  Level 

Carcinogenic  Effects  1 

2.2E+00  | 

2.2E+00  | 

2.2E+00 

o 

o 

+ 

HI 

C\J 

csi 

o 

o 

+ 

UJ 

CM 

CM 

2.2E+00  | 

2.2E+00  | 

i 

i 

o 

o 

+ 

LU 

CM 

CM 

2.2E+00  1 

2.2E+00  I 

O 

O 

+ 

HI 

CM 

CM 

O 

O 

+ 

HI 

CM 

CM 

2.2E+00 

2.2E+00  1 

o 

o 

+ 

HI 

CM 

CM 

2.2E+00  | 

2.2E+00  1 

2.2E+00  | 

7.3E+01 

2.2E+00  1 

2.2E+00 

2.2E+00 

i 

Noncarcinogenic  Effects 

1 

l 

I 

i 

i 

1 

1 

5.2E+04 

5.2E+04 

i 

l 

1 

i 

i 

l 

1 

i 

1 

1 

1 

1.0E+02 

1 

1 

1 

6.7E+03 

Detected  Compound 

| 

i 
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|  C4-ene 

© 

C 

CD 

1 

1 1,3 -butadiene 

s 

CD 

C 

CD 
-*— < 

-O 

1 

CM 

[2-butene  (e) 

1 3 -methyl  - 1  -  butene 

11,2-dimethyl  cyclopropane 

1 1,2-dimethyl  cyclopropane 

1 2  -  methyl  - 1 ,3 -  butadiene 

|2-pentene 

© 

C 

£ 

c 

© 

Q. 

I 

CM 
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C 

£ 

c 

© 

CL 

1 

CM 

© 
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© 

TJ 

© 

<4-* 
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© 

CL 

1 

CO 

© 

c 

> 

1 

7 

c 

£ 

c 

© 

Cl 

1 

CO 

Icyclopentene 

1 4- methyl -1  -pentene 

1 1  -  hexene 

1 1 ,4-cyclohexadiene 

1 1 ,4-cyclohexadiene 

|  benzene 

Icyclohexadiene 

|  cyclohexene 

1 1  -heptene 

|  toluene 
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ACTION  LEVELS  FOR  TEST  2  VOCs  (^g/m3) 
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TABLE  A1 5 

ACTION  LEVELS  FOR  SVOCs  (fj g/m3) 
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TABLE  A15 

ACTION  LEVELS  FOR  SVOCs  (jug/m3) 
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TABLE  A15 

ACTION  LEVELS  FOR  SVOCs  (/L/g/m3) 
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TABLE  A16 

EXCESS  NONCANCER  HAZARDS  FOR  TEST  1 
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CO 
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CO 
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eg 
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1 

o 

c 
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c 

3 
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1 

^r 
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Ok 

JZ 
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E 
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© 

k. 
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© 
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© 

o 

c 
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TABLE  A1 6 

EXCESS  NONCANCER  HAZARDS  FOR  TEST  1 
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CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 
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1.0  Introduction 


Harland  Bartholomew  &  Associates,  Inc.  (HBA)  is  conducting  a  human  health  risk  assessment 
on  fog  oil  "smoke",  used  by  the  U.S.  Army  to  obscure  visible  detection  and  targeting  during 
combat.  For  this  assessment,  information  on  the  chemical  composition  and  carcinogenicity  of 
this  fog  oil  and  fog  oil  smoke  needs  to  be  acquired.  For  data  support  of  the  assessment,  Battelle 
was  contracted  by  HBA  to  conduct  a  fog  oil  smoke  chemical  characterization  study.  This  study 
included  collection  of  fog  oil  smoke  samples  during  fog  oil  simulation  tests  using  the  M56  and 
Ml  57  generators  at  the  Aberdeen  Proving  Grounds  in  Maryland.  All  smoke  and  fog  oil  samples 
were  subjected  to  detailed  analysis  for  both  volatile  and  semivolatile  hydrocarbons  of  human 
health  concern. 

The  chemical  characteristics  of  fog  oil  smoke,  which  is  produced  by  the  heating  of  fog  oil  in 
specially  designed  generator  and  emitted  to  the  atmosphere,  are  not  presently  known.  It  has  been 
assumed  that  fog  oil  smoke  composition  is  the  same  as  the  fog  oil  itself.  To  determine  the 
validity  of  the  hypothesis,  both  fog  oil  smoke  and  fog  oil  were  chemically  characterized  for  the 
important  hydrocarbons  of  human  health  concern. 

This  report  provides  the  results  of  the  field  sampling  effort  and  analysis  of  samples  and 
interpretation  of  the  data  as  it  pertains  to  the  possible  alteration  of  target  constituents  from  the 
smoke  generation  process  and  exposure  to  the  atmosphere. 

2.0  Methods 

In  this  section,  sampling  and  analytical  rationale  is  discussed,  followed  by  sampling  activities 
that  were  conducted  at  the  Aberdeen  Proving  Grounds.  The  procedures  for  sampling  and 
analysis  used  in  this  study  are  then  reviewed. 

2.1  Sampling  and  Analytical  Designs. 

To  determine  potential  changes  in  fog  oil  composition  and  interaction  with  the  atmosphere,  fog 
oil  smoke  was  collected  at  the  point  of  emission  from  the  generator  and  selected  distances 
downwind  of  the  generator.  Because  of  the  types  of  compounds  that  were  expected  to  be 
produced  in  the  smoke,  both  volatile  and  semivolatile  collection  devices  were  deployed. 

The  state-of-the-art  sampling  devices  selected  for  this  study  was  the  Summa  polished  6-liter 
canisters,  which  collects  whole  air  samples  for  analysis  of  volatile  organic  compounds  (VOCs) 
ranging  in  carbon  number  from  C2  through  C10,  and  XAD-2  adsorbent  cartridges,  which 
collects  semivolatile  organic  compounds  (SVOCs),  ranging  from  C10  and  above. 


Fog  oil  (e.g.,  SGF-2)  is  a  hydrocarbon  based  material,  and  as  a  result  the  organic  compounds  of 
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concern  are  the  mono  and  polycyclic  aromatic  hydrocarbons,  particularly  the  priority  pollutant 
hydrocarbons.  To  adequately  characterize  fog  oil  smoke  and  fog  oil,  an  expanded  list  of  volatile 
and  semivolatile  hydrocarbon  target  analytes,  beyond  the  priority  pollutant  hydrocarbons,  were 
determined.  The  volatile  compounds  included  alkanes  from  C5  to  C10,  cycloalkanes,  and  alkyl 
benzenes  (Table  1).  The  semivolatile  compounds  were  the  n-alkanes  and  isoprenoids  from  C10to 
C36,  decalins,  2-  to  6-ringed  parent  and  alkylated  polycyclic  aromatic  hydrocarbons  (PAHs),  and 
total  hydrocarbons  (Table  2).  Also,  as  part  of  the  semivolatile  hydrocarbon  analysis,  selected 
oxygen  and  sulfur  heterocyclic  compounds,  that  include  dibenzofuran,  benzothiophenes,  and 
dibenzothiophenes  were  determined  (Table  2).  To  achieve  this  high  level  of  specificity,  the 
volatile  hydrocarbon  and  PAHs  (including  decalins)  were  analyzed  by  capillary  column  gas 
chromatography/mass  spectrometry  (GC/MS).  The  n-alkanes  from  C10to  C36  and  isoprenoids, 
and  total  hydrocarbons  (THC)  were  determined  by  capillary  column  gas  chromatography/flame 
ionization  detection  (GC/FID)  methodologies. 

2.2  Sampling  Activities 

Two  fog  oil  simulation  drills  (Tests  #1  and  #2)  were  conducted  from  December  12-14, 1995  at 
the  Aberdeen  Proving  Grounds  in  Maryland  during  a  3-day  field  study.  Test  #1  involved 
sampling  fog  oil  and  smoke  produced  with  the  turbine  M56  generator  and  Test  #2  repeated 
sampling,  but  with  the  pulse  jet  Ml  57  generator.  Both  generators  were  operated  with  diesel  fuel. 

On  the  first  day  of  the  field  study  sampling  devices  for  the  tests  were  set  up  and  tested. 

Reference  (or  control)  air  samples  were  collected  before  each  of  the  tests.  The  fog  oil  simulation 
drills  lasted  between  30  and  45  minutes. 

Test  #1.  For  Test  #1  with  the  M56  generator,  duplicate  air  samples  were  collected  at  three 
stations  at  the  site  during  fog  generation  of  SGF-2  oil.  Sample  collectors  were  deployed  in  the 
concentration  area  of  the  fog  smoke  at  three  stations-- 1 1  m,  25  m,  and  approximately  200  m 
downwind  from  the  generation  source.  At  each  station,  both  types  of  samplers  (Summa  canisters 
and  XAD-2  cartridges)  were  deployed.  A  fog  oil  (SGF-2)  sample  was  also  collected  from  the 
generator  storage  tank.  Two  additional  field  quality  control  samples  (field  trip  blank  and 
laboratory  blank),  and  one  reference  sample  were  taken  as  part  of  the  sample  set.  The  total 
number  of  samples  collected  in  Test  #1  were  one  oil  sample,  9  volatile  organic  samples 
(canisters),  and  9  semivolatile  organic  samples  (XAD-2  cartridges). 

Test  #2.  For  Test  #2  with  the  Ml  57  generator,  duplicate  air  samples  were  also  collected  at  three 
stations  at  the  site  during  fog  generation  of  another  type  of  fog  oil— <1  m,  1 1  m,  and  100  m. 

Also,  two  fog  oil  samples  used  in  the  test  (different  than  Test  #1  oil)  were  collected  from  the 
generator  storage  tank.  One  reference  sample  was  included  with  this  sample  set.  The  total 
number  of  samples  collected  in  Test  #2  were  one  oil  samples,  7  volatile  organic  samples 
(canisters),  and  7  semivolatile  organic  samples  (XAD-2  cartridges) 


2.3  Sampling  Procedures 


Airborne  organics  were  collected  using  two  sampling  methods.  The  first  method  made  use  of 
evacuated  Summa  polished  6-liter  canisters  to  collect  whole  air  samples  for  VOCs.  The  second 
method  used  XAD-2  adsorbent  material  for  collecting  SVOCs.  Battelle  provided  the  sampling 
devices,  set  up  the  sampling  devices  at  the  site,  and  obtained  samples  of  background  air  and  fog 
oil  smoke  during  the  two  tests  for  hydrocarbon  analysis.  Instructions  for  the  use  of  these 
sampling  devices  are  contained  in  Appendix  A. 

2.3.1  Volatile  Organic  Air  Sampling. 

Evacuated  Summa  polished  6-liter  canisters  were  used  to  collect  whole  air  samples.  Each 
sampling  canister  was  fitted  with  an  orifice  assembly  to  assure  that  an  integrated  sampling  over 
time  versus  an  instantaneous  grab  sample. 

Preparation  of  Sampler.  The  six-liter  canisters  were  cleaned  initially  by  placing  them  in  a 
50°  Celsius  ®  oven.  The  cans  then  under  went  an  evacuation/pressurization  procedure  using  a 
five-step  sequence  of  evacuation  to  less  than  1  torr,  and  pressurization  to  4  pounds  per  square 
inch  (psig)  using  humidified  ultra-zero  air.  A  final  canister  vacuum  of  100  millitorr  (mtorr) 
was  obtained  with  an  oil-free  mechanical  pump.  After  the  final  evacuation  step  was 
completed,  the  canisters  were  stored  in  cardboard  shipping  boxes  until  sampling.  All  canister 
sampling  was  completed  within  two  weeks  of  the  initial  cleaning. 

Deployment  and  Operation  of  Sampler.  At  the  request  of  Parsons  Engineering  staff,  the 
orifice  assembly  specified  in  the  work  plan  was  not  attached  to  the  inlet  of  the  canister  because 
of  concern  that  excessive  particulate  matter  may  plug  the  orifice  and  result  in  less  than 
adequate  sample.  Sampling  was  therefore  conducted  by  manually  opening  and  closing  the 
Nupro  valve  on  the  canister  to  obtain  a  “grab”  sample.  Upon  receipt  in  the  laboratory,  a 
gauge  was  attached  to  the  canister  and  an  initial  pressure  reading  was  recorded.  The  canister 
was  then  pressurized  to  5.0  psig  to  facilitate  sample  extraction. 

2.3.2  Semivolatile  Organic  Air  Sampling. 

A  filter/XAD-2  cartridge  assembly  connected  to  a  SKC  sampling  pump  was  used  to  collect 
SVOCs.  Air  was  drawn  through  the  cartridge  assembly  at  a  rate  of  4  liters  per  minute  during 
sampling. 

Preparation  of  XAD-2.  Precleaned  XAD-2  resin  was  purchased  from  Supelco,  and  was 
purified  again  just  prior  to  shipment  to  the  field  site.  The  XAD-2  resin  was  extracted  with 
dichloromethane  (DCM)  for  16  hours  using  the  Soxhlet  technique.  After  extraction,  the 
cleaned  XAD-2  was  placed  in  a  Pyrex  column,  10  centimeters  (cm)  x  600  cm,  which  had 
sufficient  space  for  fluidizing  the  XAD-2  bed  while  generating  a  minimum  resin  load  at  the 
exit  of  the  column.  The  resin  was  dried  by  passing  high-purity  nitrogen,  which  was  purified 
by  passing  it  through  a  charcoal  trap  positioned  between  the  nitrogen  cylinder  (size  1A)  and 
the  Pyrex  column.  The  rate  of  nitrogen  flow  through  the  column  was  adjusted  to  agitate  the 
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bed  gently  to  remove  the  residual  DCM.  After  drying,  8  grams  (g)  of  XAD-2  was  packed  in 
each  monitor  tube  to  a  bed  depth  of  3  inches  (in).  The  quartz  fiber  filters  (QAST,  pallflex) 
were  placed  in  an  oven  and  heated  at  400 °C  for  16  hours  before  use.  A  cleaned  quartz  fiber 
filter  was  placed  in  front  of  the  cleaned  XAD-2  tube.  The  filter/XAD-2  cartridge  assembly 
was  scaled  at  both  ends,  wrapped  with  aluminum  foil,  and  labeled  with  a  sample  code  ready 
for  field  use.  When  not  in  use,  the  filter/XAD-2  cartridge  assembly  was  stored  in  a  cooler  at 
room  temperature. 

Preparation  of  Sampler.  The  filter/XAD-2  cartridge  assembly  was  inserted  into  an  air 
sampling  device  equipped  with  an  SKC  pump,  which  operated  with  DC  voltage.  Each 
sampling  unit  was  preset  in  the  laboratory  to  draw  sample  at  a  flow  rate  of  4  liters/minute. 
Each  SKC  pump  is  equipped  with  a  small  rotameter,  enabling  the  operator  to  monitor  actual 
flow  throughout  the  sampling  period. 

Deployment  and  Operation  of  Sampler.  Prior  to  use,  each  sampling  device  was  fitted  with  one 
of  the  filter/XAD-2  cartridge  assemblies.  Sampling  was  started  by  manually  activating  the  SKC 
pump.  The  rotameter  flow  was  noted  and  recorded  at  the  start  and  periodically  during  the 
sampling  run.  After  sampling,  the  filter/XAD-2  cartridge  was  removed  from  each  assembly, 
resealed,  and  placed  in  the  cooler  and  kept  at  a  constant  temperature  of  4°C.  When  each  unit  was 
returned  to  the  laboratory,  it  was  rechecked  to  verify  that  the  initial  settings  had  not  changed. 

2.4  Sample  Analyses 

Air  and  oil  samples  were  analyzed  for  volatile  and  semivolatile  organic  compounds  listed  in 
Tables  1  and  2.  Part  of  the  PAH  analysis  included  identifying  (tentative)  five  major  peaks. 

2.4.1  Volatile  Organic  Analyses. 

A  Fisons  MD  800  gas  chromatograph/mass  spectrometer  (GC/MS)  was  used  for  the  analyses 
of  the  volatile  organics  in  the  canister  samples.  The  GC  contains  a  Nutech  Model  3550-A 
cryogenic  preconcentration  trap  to  refocus  the  collected  organics  onto  the  head  of  the 
analytical  column.  Analytes  were  chromatographically  resolved  on  a  Hewlett  Packard  HP1,  50 
meter  (m)  by  0.32  millimeter  (mm)  interior  diameter  fused-silica  capillary  column  (1 
micrometer  [/un]  film  thickness).  Optimal  analytical  results  were  achieved  by  programming 
the  GC  oven  with  a  temperature  range  of  -50  °C  to  220 °C,  with  a  temperature  increase  of  8° 
C/min. 

The  mass  spectrometer  was  operated  in  the  total  ionization  mode  so  that  all  masses  were 
scanned  between  35  and  300  atomic  mass  units  (a.m.u.)  with  a  scan  rate  of  1  scan/0.5 
seconds.  Thirty  major  components,  including  the  targeted  compounds  were  identified  by 
matching  the  mass  spectra  acquired  from  the  samples  to  the  mass  spectral  library  from  the 
National  Institute  of  Standards  and  Technology  (NIST).  A  method  detection  of  1  part  per 
billion  (ppb)  was  achieved  with  a  50  cc  sample  volume. 
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In  addition  to  a  mass  spectrometer,  the  GC  system  was  also  equipped  with  a  flame  ionization 
detector  (FID).  The  system  was  configured  so  that  the  column  exit  flow  was  split  to  direct 
one-half  of  the  flow  to  the  mass  spectrometer  and  the  remaining  flow  through  the  FID.  With 
this  detector,  individual  components  were  quantified,  and  a  total  carbon  content  was 
determined  by  summing  the  individual  peaks  from  the  chromatographic  report.  An  equal  per 
carbon  response  factor  was  assigned  to  the  identified  and  unidentified  VOCs  using  a  benzene 
calibrant.  Multiple  runs  of  the  benzene  mixture  were  carried  out  during  the  analytical  period. 

For  oil  samples,  the  VOC  composition  was  determined  by  injecting  1  uL  of  the  oil  into  an 
evacuated  cylinder.  The  cylinder  was  pressurized  to  15  psig  and  then  warmed  to  50  C  for  30 
minutes  to  facilitate  evaporation.  A  60  cc  gaseous  sample  aliquot  was  extracted  from  the 
cylinder  (600  cc)  and  analyzed  with  the  GC/FID-MS  system. 

Quality  control  samples  and  data  quality  objectives  for  this  volatile  organic  analysis  are 
presented  in  Table  3. 

2.3.2  Semivolatile  Organic  Analyses. 

Analysis  of  the  air  samples  for  the  target  compounds  in  Table  2  involved  extraction  of  the 
XAD-2  resin  (and  filter)  and  instrumental  analysis  of  the  extract  by  GC/MS  and  GC/FID 
methodologies.  Oil  samples  were  sent  to  another  laboratory  identified  by  HBA  for  modified 
AMES  testing. 

Extraction  of  XAD-2.  The  filter  and  XAD-2  samples  were  Soxhlet  extracted  together  with 
dichloromethane  (DCM)  for  16  hours.  Before  extraction,  each  XAD-2  resin  sample,  except 
one  of  the  0  meter  duplicate  samples  from  each  test,  was  spiked  with  surrogate  (deuterated 
PAH)  compounds  (Table  2).  The  extracts  were  concentrated  by  Kudema-Danish  (K-D) 
evaporation  to  a  final  volume  of  1  mL.  The  two  unspiked  samples  were  supposed  to  be  split 
and  used  for  AMES  testing,  but  there  was  not  enough  oil  collected  on  the  XAD-2  to  conduct 
the  test.  The  extracts  designated  for  semivolatile  organic  analysis  were  spiked  with  recovery 
internal  standards  (Table  2). 

Processing  of  Oils.  Oil  samples  were  diluted  to  5  mg/mL  in  methylene  chloride  and  spiked 
with  recovery  internal  standards  (Table  2).  Five  grams  of  neat  (undiluted)  oil  were  aliquoted  for 
AMES  testing. 

Determination  of  n-AIkanes,  Isoprenoids,  and  THC  by  GC/FID.  XAD-2  extracts  and  oil 
samples  were  analyzed  for  n-alkanes  from  C10  to  C36,  isoprenoid  hydrocarbons  (Table  2),  and 
THC  by  GC/FID.  A  2  aliquot  of  the  sample  extract  was  injected  into  a  gas  chromatograph 
equipped  with  a  high-resolution  capillary  column  (J&W  fused  silica  DB-5  column,  30  meters, 
0.32  mm  internal  diameter,  and  0.25  m  film  thickness)  and  a  split-splitless  injection  port 
(operated  in  the  splitless  mode).  The  temperature  program  and  capillary  column  were  selected  to 
achieve  near-baseline  separation  of  all  of  the  saturated  hydrocarbons  listed  in  Table  2.  Prior  to 
sample  analysis,  a  five-point  response  factor  (RF)  calibration  was  established  demonstrating  the 
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linear  range  of  the  analysis.  Check  standards  were  analyzed  with  every  1 0  samples  to  validate 
the  integrity  of  the  initial  calibration.  The  calibration  solution  were  composed  of  C10  through  C36 
n-alkanes,  pristane  and  phytane.  Quantitation  of  the  individual  components  (i.e.,  alkanes)  were 
performed  by  the  method  of  internal  standard  using  the  response  factors  for  the  individual 
components  relative  to  the  internal  standard  5  -androstane.  THC  (resolved  plus  unresolved 
hydrocarbons)  was  quantified  by  the  method  of  internal  standards  using  the  baseline  corrected 
total  area  of  the  chromatogram  and  the  average  hydrocarbon  response  factor  determined  over  the 
entire  analytical  range.  Special  care  was  taken  to  minimize  mass  discrimination  for  the  analysis 
of  heavy  molecular  weight  products  such  as  fuel  oils. 

The  GC/FID  conditions  were: 


Initial  column  temperature:  35°  C 

Initial  hold  time:  5  minutes 

Program  rate:  6°  C/minute 

Final  column  temperature:  320°  C 

Final  hold  time:  10  minutes 

Injector  temperature:  275°C 

Detector  temperature:  325 °C 

Column  flow  rate  (Hydrogen)  1  mL/minute 


Quality  control  samples  and  data  quality  objectives  for  this  GC/FID  analysis  are  presented  in 
Tables  4  and  5. 

Determination  of  Decalins,  PAHs,  and  Selected  Heterocyclic  Compounds  by  GC/MS. 
Decalins,  PAHs,  and  heterocyclic  aromatic  compounds  were  determined  in  all  samples  by 
GC/MS  in  the  sensitive  selective  ion  monitoring  (SIM)  mode.  Approximately  10  unknowns 
were  identified  (tentatively)  in  the  oil  samples  and  2  other  air  samples  by  GC/MSD  in  the  full 
scan  mode.  A  2/iL  aliquot  of  the  sample  extract  was  injected  into  a  gas  chromatograph  equipped 
with  a  high  resolution  capillary  column  (J&W  fused  silica  DB5  column,  30  meters,  0.25  mm 
internal  diameter,  and  0.25  m  film  thickness)  operated  in  the  splitless  mode.  The  temperature 
program  and  capillary  column  were  selected  in  order  to  achieve  near-baseline  separation  of  all  of 
the  PAH  compounds  listed  in  Table  2. 


The  GC/MS  conditions  are: 

Initial  column  temperature:  40°  C 

Initial  hold  time:  1  minute 

Program  rate:  6°  C/minute 

Final  column  temperature:  290°  C 

Final  hold  time:  20  minutes 

Injection  port  temperature:  300°C 

Detector  temperature:  280°C 

Column  flow  rate  (Helium):  1  mL/minute 
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The  electronic  Pressure  Control  conditions  are: 


Vacuum  compensation: 
Pressure  at  injection: 
Hold  time: 

Pressure  program  ramp: 
Final  pressure: 


On 

40  psi 
0.80  min. 
99  psi/min. 
7.7  psi 


Prior  to  sample  analysis,  a  five-point  initial  calibration  composed  of  the  16  priority  pollutant 
compounds  and  dibenzothiophene  was  established  demonstrating  the  linear  range  of  the  analysis. 
Check  standards  were  analyzed  with  every  10  samples  to  validate  the  integrity  of  the  initial 
calibration.  The  method  of  internal  standards  using  the  average  relative  response  factors  (RRF) 
generated  from  the  linear  initial  calibration  were  used  to  quantify  the  target  analytes. 

PAH  alkyl  homologues  were  quantified  using  the  straight  baseline  integration  of  each  level  of 
alkylation  and  the  RRF  of  the  respective  unsubstituted  parent  PAH  compound.  PAH 
concentrations  are  surrogate  corrected.  Quality  control  samples  and  data  quality  objectives  for 
this  GC/MS  analyses  are  provided  on  Table  6. 


3.0  Results  and  Discussion 


3.1  Field  Observations 

Results  of  the  field  sampling  effort  on  December  13  (Test  #1)  and  December  14  (Test  #2)  for 
XAD-2  samples  and  canister  samples  are  summarized  in  Tables  7  and  8,  respectively.  Field 
information  sheets  are  provided  in  Appendix  B. 

As  indicated  in  Table  1,  the  duplicate  XAD-2  samples  were  generally  collected  over  the  same 
time  period.  However,  during  Test  1  at  the  25-meter  sampling  location,  one  of  the  XAD 
samples  was  collected  for  21  minutes,  the  other  was  obtained  for  5  minutes.  During  Test  2, 
the  sampling  duration  was  very  short  at  the  less  than  1 -meter  location  due  to  the  high 
particulate  loading  which  caused  the  sampling  device  to  stop  after  several  minutes  of 
operation.  The  total  sampled  volume  at  this  location  was  roughly  estimated  from  the  recorded 
time  and  flow  rate. 

Unfortunately,  a  duplicate  set  of  canister  samples  were  not  collected  at  the  25-meter  location 
(Table  2).  Examination  of  the  two  canisters  at  the  laboratory  indicated  that  no  samples  had 
been  collected.  Either  the  canister  valves  were  not  opened  or  the  swaglock  caps  to  the  valves 
were  left  in  the  sealed  position.  In  either  case,  no  sample  was  drawn  into  the  canisters. 

3.2  Volatile  Organic  Compounds 

Results  of  the  VOC  analysis  are  presented  in  Table  9  for  fog  oil  samples  and  Table  10  for 
Tests  #1  and  #2.  Target  analytes  listed  in  Table  1  and  approximately  20  other  non-target 
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compounds  with  tentative  identifications  from  mass  spectral  library  searches  were  determined 
in  both  test  samples.  The  mass  spectral  library  search  results  are  provided  in  Appendix  C. 
Representative  chromatographic  traces  from  the  GC/FID  and  GC/MS  analysis  for  Tests  #1  and 
#2  are  also  provided  in  Appendix  C.  Raw  area  reports  for  all  canister  sample  analyses  are 
tabulated  in  Appendix  D.  Units  for  VOC  concentrations  in  air  are  ug/m3. 

The  composition  of  the  two  test  fog  oils  (Table  9)  were  determined  to  be  very  similar,  as 
illustrated  in  Figure  1.  The  same  major  VOCs  were  identified  in  both  oils  and  constituted 
approximately  40%  of  the  total  resolvable  compounds  in  the  oil.  The  major  components  of  the 
VOC  fraction  were  the  alkylated  benzenes,  C2-  thru  C4-benzenes.  BTEX  relative  amounts 
were  10  to  25  %  of  the  alkylated  benzenes.  The  only  difference  between  the  oils  was  in  the 
higher-molecular  weight  VOCs  in  the  region  of  peaks  26-28.  This  difference  was  probably  an 
analysis  artifact  in  which  the  less  volatile  components  may  have  condensed  onto  the  surface  of 
the  sampling  cylinder  used  for  Test  #1  oil  sample. 

In  Test  #1  (Table  10),  concentrations  of  targeted  VOCs  in  samples  nearest  the  generator  (11 
m)  ranged  from  approximately  10  to  70  ug/m3.  A  propene  (C3-ene)  had  an  estimated 
concentration  of  around  200  ug/m3.  Total  BTEX  concentrations  were  found  at  relatively  low 
concentrations  at  approximately  80  ug/m3.  Sample  replication  precision  was  +.  25  %.  At  the 
200+  m  sampling  station,  VOCs  were  not  found  at  concentrations  above  background. 

In  Test  #2  (Table  10),  considerably  higher  concentration  of  target  analytes  were  found  in  the 
air  samples.  At  the  Vi  m  station.  Total  BTEX  concentrations  were  the  highest  for  all  sample 
stations  at  approximately  21,000  ug/m3,  of  which  benzene  made  up  half.  Concentrations  of  all 
the  targeted  VOCs  generally  ranged  from  1,000  to  12,000  ug/m3  (individual).  There  were  two 
compounds,  propyne  and  a  butene,  that  had  values  of  approximately  25,000  and  80,000  ug/m3, 
respectively.  At  the  11-m  station,  VOC  concentrations  between  duplicates  were  different  by  a 
factor  of  four.  Concentration  of  the  Total  BTEX  was  approximately  800  ug/m3  in  the  highest 
VOC  concentration  duplicate.  Although  not  recorded  in  the  field  notes,  one  of  the  duplicate 
samples  was  probably  taken  outside  the  centerline  of  the  plume.  VOC  concentrations  at  the 
100-m  station  were  near  but  above  background  levels  for  most  target  analytes.  Most  of  the 
BTEX  compounds  were  still  present  at  24  ug/m3  Total  BTEX. 

Although  the  VOC  compositions  of  two  test  fog  oils  were  similar,  the  VOC  compositions  of 
the  air  (smoke)  samples  in  each  of  the  two  tests  were  surprisingly  different.  The  two  test  oil 
compared  similarly  with  the  smoke  samples  of  only  Test  #1  (with  the  M56  generator),  but 
differently  with  the  smoke  samples  of  Test  #2  (with  the  Ml 57  generator).  Only  a  few  of  the 
higher  molecular  weight  compounds  determined  in  the  fog  oil  samples  were  observed  in  the 
Test  #2  smoke  samples.  The  reason  for  this  anomaly  cannot  be  explained. 

Although  the  smoke  VOCs  were  different  on  the  two  test  days,  the  composition  of  the  VOCs 
at  the  various  sampling  location  on  each  test  day  was  essentially  the  same.  This  is  especially 
evident  in  Test  #2  where  compositions  at  the  three  distances  (<  1,  11,  and  100  m)  were  very 
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similar.  In  Figure  2,  distributions  of  VOCs  in  fog  oil  smoke  from  all  three  distances  in  Test 
§ 2  illustrate  the  similarities  in  composition.  Benzene  was  used  to  normalize  because  it  is  one 
of  the  less  reactive  VOCs.  Normalized  individual  values  from  the  three  sample  locations  were 
generally  within  20  percent  of  the  mean  value  for  each  VOC.  These  results  suggested  that 
ambient  air  dilution  was  the  primary  factor  in  affecting  the  individual  concentrations  at  the 
various  locations  downwind. 

The  one  exception  to  this  VOC  result  was  peak  #4,  1,3-butadiene.  Figure  2  (Test  #2  with  the 
Ml 57  generator)  shows  that  the  <  1  meter  location  contained  appreciable  amounts  of  this 
compound  which  become  undetectable  at  11  and  100  meters.  For  this  compound,  the  probable 
controlling  factor  in  its  concentration  was  atmospheric  reactivity. 

3.3  Semivolatile  Organic  Compounds 

The  semivolatile  organic  compounds  for  these  samples  are  characterized  by  the  analysis  of 
saturated  hydrocarbon  compounds  (SHCs),  a  gas  chromatographic  (GC)  trace,  and  decalins, 
polycyclic  aromatic  hydrocarbons,  and  oxygen-heterocyclic  aromatic  and  sulfur-heterocyclic 
aromatic  compounds  PAHs.  The  results  of  the  SHC  and  PAH  target  analytes  analysis  are 
presented  in  Tables  11  and  12.  Each  sample  has  a  corresponding  GC  trace  provided  in 
Appendix  E.  To  assist  in  the  interpretation  of  the  data,  distribution  plots  for  the  PAHs  were 
prepared  for  each  sample  (Appendix  F). 

Based  on  the  laboratory  matrix  blank  and  the  field  blank,  eight  PAH  target  analytes  were 
identified  as  potential  very  low-level  contaminants  in  the  samples  (low  ppb).  These 
contaminants  either  originated  from  laboratory  processing  or  from  the  XAD-2  resin.  Generally, 
only  naphthalene  at  very  low  amounts  originates  from  laboratory  processing;  the  other 
compounds  are  contaminants  of  the  XAD-2  resin.  The  contaminant  compounds  were  decalin, 

Cl -decalins,  naphthalene.  Cl -naphthalenes,  C2-naphthalenes,  dibenzofuran,  fluorene,  and 
phenanthrene.  The  effect  of  contaminants  were  only  of  concern  for  samples  in  which  oil  weights 
were  less  than  one  (1)  mg,  such  as  the  Reference  samples  and  the  200  m  samples.  The  samples 
in  which  the  contaminants  had  a  major  contribution  were  indicated  by  “B”  next  to  the  analyte  in 
the  PAHs  results  table.  In  the  laboratory  matrix  blank  and  field  blank  GC  traces  (Appendix  E), 
there  were  a  number  of  peaks  which  corresponded  to  surrogate  and  recovery  internal  standard 
added  as  part  of  the  analysis.  These  peaks  (standards)  were  also  present  in  the  air  samples. 

In  the  SGF-2  fog  oils,  there  were  no  saturated  hydrocarbons  (n-alkanes  or  isoprenoids- 
pristane  and  phytane),  even  at  the  low  parts  per  million  level  (0.1  ppm).  The  total 
hydrocarbon  (THC)  concentration  (Table  11),  which  consisted  almost  totally  of  unresolvable 
compounds  shown  as  a  hump  in  the  GC  trace  (unresolved  complex  mixture-UCM),  was 
830,000  mg/kg  (oil  basis).  The  GC  trace  of  the  test  oil  is  provided  in  Figure  3.  The  major 
portion  of  compounds  in  the  UCM  was  between  the  boiling  points  of  the  n-alkanes  C17  and 
C33.  Unlike  other  mineral  oils  which  have  been  characterized  in  this  laboratory,  very  small 
amounts  of  resolved  compounds  were  evident  in  this  SGF-2  fog  oil. 
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Depending  on  the  location  of  the  samplers,  THC  concentrations  in  the  smoke  samples  ranged 
from  4  to  12,000  mg/m3;  reference  THC  concentrations  were  <  1  mg/m3  (Table  11).  The 
compositions  (relative  distributions)  of  the  resolved  compounds  and  UCM  in  air,  were 
basically  unchanged  relative  to  the  test  oils.  No  n-alkanes  or  isoprenoids  were  found  in  any  of 
the  air  samples,  similar  to  the  fog  oil.  A  representative  GC  trace  for  the  air  samples  is  shown 
in  Figure  4. 

According  to  the  PAH  data  (Table  12),  which  are  useful  fingerprinting  sources  of  oils,  the  two 
fog  oils  in  Tests  #1  and  #2  were  identical.  Both  oils  have  a  dominance  of  the  three-ringed 
PAHs,  especially  the  sulfur-heterocyclic  compounds-dibenzothiophenes  (Figure  5).  The 
dibenzothiophenes  as  a  group  (alkyl  homologues)  are  approximately  2.5  times  higher  than  the 
phenanthrene  group,  the  next  largest  alkyl  group.  (The  base  (stock)  oil  for  this  fog  oil  has 
PAH  signature  of  a  Middle  East  crude  oil).  The  priority  pollutant  concentrations  were  very 
low  compared  to  the  alkyl  homologue  PAHs;  proportionally,  98%  of  the  Total  PAH 
concentration  is  non-priority  pollutant  PAHs.  For  instance  in  Test  #1  fog  oil,  phenanthrene, 
typically  the  highest  priority  pollutant  PAH,  was  90  mg/kg  oil,  whereas  the  alkyl  phenanthrene 
group  was  3,200  mg/kg. 

In  the  air  samples,  the  composition  of  the  PAHs  was  unchanged  compared  to  the  test  oils.  The 
PAH  distribution  plots  of  the  air  samples,  represented  in  Figure  6,  showed  nicely  the  consistency 
in  composition  in  all  air  samples  of  both  tests.  Concentrations  of  PAHs  reflected  those  of  THC 
and  the  saturated  hydrocarbons.  Total  PAH  concentrations  were  highest  in  the  Vi  m  station 
sample  in  Test  #2  at  140  to  220  mg/m3.  Although  VOCs  were  not  detected  in  samples  at  the 
200+  m  station,  remnant  fog  oil  PAHs  (mostly,  dibenzothiophenes)  were  found  at  a 
concentration  of  approximately  7  mg/m3  Total  PAHs,  20  to  30  times  lower  than  the  most 
concentrated  air  samples  at  the  Vi  m  station.  Lower  detection  limits  in  PAH  analysis  compared 
to  the  VOCs  allowed  these  analytes  to  be  detected. 

As  part  of  the  semivolatile  organic  characterization,  fifteen  major  peaks  in  the  chromatogram  of 
the  GC/MS  analysis  of  the  neat  fog  oil  and  two  fog  oil  smoke  samples  were  identified  by  a 
computer  library  search  routine  (Table  1 3)  and  concentrations  estimated.  The  peak  heights  of  all 
peaks  in  the  chromatograms  were  relatively  low  and  insignificant  compared  to  the  large 
unresolved  complex  mixture.  Although  in  most  oils  resolvable  peaks  are  saturated  hydrocarbons, 
the  peaks  in  these  test  oils  and  fog  oil  smoke  were  mostly  individual  alkylated  PAHs.  The  lack 
of  saturated  hydrocarbons  was  confirmed  by  the  GC/FID  analysis.  Other  compounds  included 
the  ubiquitous  phthalates,  which  were  probably  sampling/handling  contaminants. 
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Figure  la.  Distribution  of  identified  VOC  peaks  in  the  the  two  tested  fog  oils 
(weight  %  compared  to  all  components) 
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Figure  lb.  Distribution  of  identified  VOC  peaks  in  the  two  tested  fog  oils 
(weight  %  normalized  to  peak  22) 
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Figure  2.  Distribution  of  VOCs  in  smoke  for  Test  ft!  (normalized  to  peak  21-bcnzcnc) 
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Figure  4.  Scmivolatilc  organic  GC  trace  of  a  representative  air  sample  (Test  ffl  -  llni) 
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Figure  5.  PATI  distribution  plot  of  fog  oil  used  in  Tests  ft l  and  if! 
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Figure  6.  PAH  distribution  plot  of  a  representative  air  sample 
(Test  //2-  11m) 


Table  1.  List  of  Target  Volatile  Organic  Compounds 


Compound  Identification 


■"Benzene 

♦Toluene  (Q-benzene) 
♦Ethylbenzene  (C2-benzene) 
*m,p-Xylenes  (Cj-benzenes) 
*o-Xylene  (C2-benzene) 
4-Ethyltoluene 
1 ,3 ,5-trimethylbenzene 
1 ,2,4-trimethylbenzene 
Styrene 

21  major  unknown  VOCs 


♦priority  pollutant  compounds — listed  in  EPA  SW-846  Methods. 


Table  2.  List  of  Target  Semivolatile  Organic  Compounds 


|  GC/MS  Target  Analytes 

GC/FID  Target  Analytes 

GC/MS  Spiking  Compounds 

Dccalin 

Phenanthrene 

Cio-CM  n-alkanes 

SIS  Compound? 

Cj-decelins 

1 -methyl  phenanthrene 

Pristane 

Naphtha!  ene-d. 

C2-decalins 

C  ,-phenanthrenes/anthracenes 

Phytane 

Fluorene-d10 

Cj-decalins 

C2-phenanthrenes/anthracenes 

Chrysene-dI2 

C4-decaIins 

Cj-phenanthrenes/anthracenes 

THC 

Naphthalene 

C4-p  henanthren  ea/anthracenes 

RIS  Comoounds 

1  -methylnaphthalene 

Dibenzothiophene 

Acenaphthene-d10 

2-methylnaphthalene 

Cj-dibenzothiophenes 

Phenanthrene-d10 

2 ,6-dimethy  inaphthalene 

C2-dibenzothiophenes 

Benzo[a]pyrene-di2 

2  ,5-trimethylnaphthaIene 

Cj-dibcnzothiophenes 

C^naphthalenes 

Fluoranthene 

C2-naphthalenes 

Pyrene 

C3-naphthalenes 

Ci-fluoranthenes/pyrenes 

GS/FID  Spiking  Compounds 

C4-naphthalenes 

C2-fluoranthenes/pyrcnes 

SIS  Compound 

Biphenyl 

C3-fluoranthenes/pyrenes 

o-terphenyl 

Acenaphthylene 

Benz  [a]  anthracene 

Dibenzofuran 

Chrysene 

RIS  Compound 

Acenaphthene 

Cj-chrysenes 

5a-androstane 

Fluortne 

C2-chrysenes 

Cj-fluorenes 

C3-chrysenes 

Cj-jQuorenes 

C4-chrysenes 

Cj-fluorenes 

Benzo[£]fluorantbene 

Bcnzothiophene 

Benzo[A]  fluoranthene 

Crbenzothiophenes 

Bcnzo[e]pyrene 

C2-benzothiophenes 

Benzo  [a]  pyrene 

Cj-benzothiophcnes 

Perylene 

Anthracene 

In  den  o  [1,2,3-c,  d]  pyrene 

DibenzfoAJanthracene 

Be  nzo  \g,h,  j]  perylene 

BOLD  compounds  are  EPA  Priority  Pollutant  PAHs 


Table  3. 


Data  Quality  Objectives  and  Criteria  -  Volatile  Organic  Compounds  in 
Air  (GC/MS) 


Element  or 


Sample  Type 


Minimum  Frequency 


Data  Quality  Objective/ 
Acceptance  Criteria 


Initial  Calibration 
(All  target  analytes) 


Prior  to  every  batch  of  analysis 


4-point  calibration  curve  over  0-100 
Mg/m\  RSD  *  15% _ 


Continuing  Calibration 
(All  target  analytes  -  mid-level 


Once  per  day 


PD  s  15%  for  90%  of  analytes 
PD  £  20%  for  10%  of  analytes 


standard) 


Reference  (oil)  Standard 


One  per  batch  of  field  samples 


PD  £  10%  of  mean  for  all  previous 
values 


Procedural  Blank 


One  per  batch  of  field  samples 


Duplicate  SRM/Sample 
Analysis 


One  per  batch  of  field  samples 


No  more  than  2  analytes  to  exceed  5x 
target  MDL,  unless  analyte  not  detected 
in  associated  sample(s)  or  analyte 
concentration  >  1  Ox  blank  value. 

RPD  £  25% 


Target  MDLs 


Air 


0.5  Mg/m3 


Table  4.  Data  Quality  Objectives  and  Criteria  -  THC  by  GC-FID  (Conducted  as 
part  of  Saturated  Hydrocarbon  Analysis— see  Table  5) 


Element  or  Sample  Type 

Minimum  Frequency 

Data  Quality  Objective/ 
Acceptance  Criteria 

Procedural  Blank 

One  per  batch  of  field  samples 

<2  times  MDL 

Reference  (oil)  Standard 

One  per  batch 

PD  £  10% 

Duplicate  Sample  Analysis 

One  per  batch  of  field  samples 

RPD  £  20% 

Target  MDLs 

Sediment 

1  Mg/g  (dry  weight) 

Water 

10  >ug/L 

Oil 

1  jj.  g/g  oil 

Table  5.  Data  Quality  Objectives  and  Criteria  -  Saturated  Hydrocarbons  (GC/FID) 


Element  or  Sample  Type 

Minimum  Frequency 

Data  Quality  Objective/ 

Acceptance  Criteria 

Initial  Calibration 
(All  target  analytes) 

Prior  to  every  batch  of  analysis 

5 -point  calibration  curve  over  2  orders 
of  magnitude,  RSD  £  15% 

Continuing  Calibration 

(All  target  analytes  -  mid-level 

standard) 

Every  10  field  samples  or  12  hours, 
whichever  is  more  frequent,  and  at 
end  of  analytical  batch 

PD  £  15%  for  90%  of  analytes 

PD  £  20%  for  10%  of  analytes 

SRM 

One  per  batch  of  field  samples 

PD  £  ±  20%  of  certified  value  for  all 
analytes 

Matrix  Spikes 

Two  per  batch  of  field  samples 

%R  40-125% 

Reference  (oil)  Standard 

One  per  batch  of  field  samples 

PD  £  10%  of  mean  for  all  previous 
values 

Procedural  Blank 

One  per  batch  of  field  samples 

No  more  than  2  analytes  to  exceed  5x 
target  MDL,  unless  analyte  not  detected 
in  associated  sample(s)  or  analyte 
concentration  >  lOx  blank  value. 

Duplicate  SRM/Sample 
Analysis 

One  per  batch  of  field  samples 

RPD  £  25% 

Surrogate  Standards 

Every  sample 

%R  40-125% 

Target  MDLs 

Sediment 

Tissue 

Water 

Oil 

0.05-0.1  Mg/g  (dry  weight) 

0.05-0.1  iug/g  (dry  weight) 

0.5-1. 0^g/L 

0.025-0.05  iu g/mg 

Table  6.  Data  Quality  Objectives  and  Criteria  -  PAHs  and  Decalins  (GC/MS) 


Element  or  Sample  Type 

Minimum  Frequency 

Data  Quality  Objective/ 
Acceptance  Criteria 

Initial  Calibration  (all  parent 
PAHs  and  decalin  and  selected 
alkyl  homologues) 

Prior  to  every  sequence 

5  point  calibration  curve  over 
two  orders  of  magnitude.  %  RSD 
s  25% 

Continuing  Calibration 

Every  12  field  samples  or 

16  hours,  whichever  is  more 
frequent,  and  at  end  of 
analytical  sequence  with 
appropriate  mid-level  standard 

%  RSD  s  25%  for  90%  of 
analytes. 

%  RSD  s  35%  for  10%  of 
analytes. 

Matrix  SRM 

Two  per  batch/every  20  field 
samples 

Values  must  be  within  ±  20%  of 
true  value  on  average  for  all 
analytes  >  lOx  MDL,  not  to 
exceed  ±  25  %  of  true  value  for 
more  than  30%  of  individual 
analvtes. 

Matrix  Spikes 

Two  per  batch/every  20  field 
samples 

%R  target  analytes  40-125% 

Instrumental  SRM  (PAHs) 

One  per  sequence 

Value  must  be  within  15  %  of 
true  value  for  all  analytes 

Oil  Standard 

One  per  batch/every  20  field 
samples 

Values  must  be  within  ±  10%  of 
the  mean  of  all  previous  values. 

Procedural  Blank 

One  per  batch/every  20  field 
samples 

No  more  than  2  analytes  to 
exceed  5x  target  MDL  unless 
analyte  not  detected  in  associated 
sample(s)  or  analyte 
concentration  >  lOx  blank 
value. 

Duplicate  SRM  or  Sample 
Analysis 

One  per  batch/every  20  field 
samples 

RPD  s  30% 

Internal  Standard/Surrogates 

Every  sample 

%R  40-125% 

Target  MDLs 

Tissue 

Sediment 

Water 

Oil 

1-5  ng/g  (dry  weight) 

1-5  ng/g  (dry  weight) 

5-10  ng/L 

0.5-2. 5  ng/mg 

Table  7.  Summary  Information  for  Canister  Sampling  For  Tests  #1  and  #2 


Sample  Description 

Sample  ID 

■  -  Comments 

Test  1,  Reference 

90-015 

Grab  sample  collected 

Test  1,  200+  meters 

88-001 

Grab  sample  collected 

Test  1,  200+  meters 

91-002 

Grab  sample  collected 

Test  1,  25  meters 

91-003 

No  sample  collected  -  vacuum  still  at  30"  Hg 

Test  1,  25  meters 

91-033 

No  sample  collected  -  vacuum  still  at  30"  Hg 

Test  1,  11  meters 

88-013 

Grab  sample  collected 

Test  1,  11  meters 

88-014 

Grab  sample  collected 

Test  2,  Reference 

90-016 

Grab  sample  collected 

Test  2,  100  meters 

91-045 

Grab  sample  collected 

Test  2,  100  meters 

91-026 

Grab  sample  collected 

Test  2,  11  meters 

91-012 

Grab  sample  collected 

Test  2,  11  meters 

91-069 

Grab  sample  collected 

Test  2,  <  1  meter 

88-058 

Grab  sample  collected 

Test  2,  <  1  meter 

88-029 

Grab  sample  collected 

Trip  Blank  88-019  |  Filled  with  zero  air  upon  return 


Table  8.  Summary  Information  For  XAD-2  Sampling  For  Tests  ff\  and  #2 


(b)  Volume  corrected  to  25°C,  1  atm. 


Table  9.  Weight  Percent  Composition  of  VOCs  For  Tested  Fog  Oils. 


Test  #1  Test  #2 

Peak  ID  and  Compound  weight  %  ID  peaks  weight  %  ID  peaks 


of  total 

normalize 

of  total 

normalized 

Peak 

4 

isobutane 

0.27 

4 

0.36 

8 

Peak 

5 

1,2-dimethyl  cyclopropane  (z) 

0.16 

3 

0.04 

1 

Peak 

6 

1,2-dimethyl  cyclopropane  (e) 

0.23 

4 

0.12 

3 

Peak 

8 

benzene 

0.41 

7 

0.24 

5 

Peak 

9 

cyclohexene/C6-ol 

0.38 

6 

0.26 

6 

Peak 

10 

1-heptene 

0.24 

4 

0.12 

3 

Peak 

11 

methyl  cyclohexane 

1.30 

21 

0.90 

20 

Peak 

12 

toluene 

0.33 

5 

0.19 

4 

Peak 

13 

1-octene 

0.20 

3 

0.13 

3 

Peak 

14 

ethyl  cyclohexane 

1.21 

20 

0.96 

21 

Peak 

15 

m,p-xylene 

1.60 

26 

1.11 

24 

Peak 

16 

1-nonene/o-xylene 

0.46 

7 

0.50 

11 

Peak 

17 

unknown  a 

1.68 

28 

1.18 

26 

Peak 

18 

4-ethyltoluene 

1.52 

25 

1.01 

22 

Peak 

19 

1,2,4-trimethylbenzene 

3.31 

54 

3.50 

77 

Peak 

20 

diethylbenzene 

3.66 

60 

2.42 

53 

Peak 

21 

methyl,  propylbenzene 

2.34 

38 

1.67 

37 

Peak 

22 

tetramethylbenzene 

6.11 

100 

4.53 

100 

Peak 

23 

ethyl,  dimethylbenzene 

3.30 

54 

3.42 

76 

Peak 

24 

unknown  b 

2.55 

42 

2.29 

51 

Peak 

25 

unknown  c 

2.37 

39 

1.95 

43 

Peak 

26 

dimethyl  adamantane 

2.68 

44 

3.38 

75 

Peak 

27 

unknown  d 

1.54 

25 

3.28 

73 

Peak 

28 

unknown  e 

1.43 

23 

3.30 

73 

Peak 

29 

dimethyl  adamantane 

1.21 

20 

1.56 

34 

Peak 

30 

dimethyl  adamantane 

0.53 

9 

0.94 

21 

%  of  all  peaks  that  are  identified 

41.01 

39.38 

Table  10.  Concentrations  of  Volatile  Organic  Compounds  For  Tests  #1  and  #2  (ug/m3). 
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Table  10  Continued.  Concentrations  of  Volatile  Organic  Compounds  For  Tests  #1  and  U2  (ug/m3). 

Sampling  Location  and  Canister  ID 

reference  100  m  100  m  11m  11  m  <1  m  <1  m  blank 

Peak  ID  and  Compound  90-016  91-045  91-026  91-012  91-069  88-058  88-029  88-019 
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Table  11.  Concentrations  of  Saturated  Hydrocarbons  and  THC  For  Tests  #1  and  #2 


Client/Field  ED: 

Sample  #17, 

Sample  #14, 

Test  1  Oil 

Sample  #5, 

Sample  #7, 

Laboratory  Matrix  Blank* 

Field  Blank 

Dec.  13, 1995 

Reference  for  Test  #1 

Test  #1, 11 ; 

BOS  Sample  ID: 

TD70 

TD67 

TD71-1 

TD59 

TD61 

Batch  ID: 

96-033 

96-033 

96-027 

96-033 

96-033 

Matrix: 

Oil 

Oil 

Oil 

Oil 

Oil 

Sample  Weight  (mg,  oil  weight) 

0.08 

0.06 

55.20 

1.08 

48.40 

Sample  Volume  (L) 

83.8 

83.8 

NA 

70.3 

71.7 

Dilution: 

1.01 

1.01 

10.00 

1.01 

1.01 

Reporting  Unit: 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

Reporting  Limit: 

5  mg/kg 

5  mg/kg 

5  mg/kg 

5  mg/kg 

5  mg/kg 

Analyte 

CIO 

ND 

ND 

ND 

ND 

ND 

Cll 

ND 

ND 

ND 

ND 

ND 

C12 

ND 

ND 

ND 

ND 

ND 

C13 

ND 

ND 

ND 

ND 

ND 

C14 

ND 

ND 

ND 

ND 

ND 

CIS 

ND 

ND 

ND 

ND 

ND 

C16 

ND 

ND 

ND 

ND 

ND 

C17 

ND 

ND 

ND 

ND 

ND 

Pristane 

ND 

ND 

ND 

ND 

ND 

C18 

ND 

ND 

ND 

ND 

ND 

Phytane 

ND 

ND 

ND 

ND 

ND 

C19 

ND 

ND 

ND 

ND 

ND 

C20 

ND 

ND 

ND 

ND 

ND 

C21 

ND 

ND 

ND 

ND 

ND 

C22 

ND 

ND 

ND 

ND 

ND 

C23 

ND 

ND 

ND 

ND 

ND 

C24 

ND 

ND 

ND 

ND 

ND 

C25 

ND 

ND 

ND 

ND 

ND 

C26 

ND 

ND 

ND 

ND 

ND 

C27 

ND 

ND 

ND 

ND 

ND 

C28 

ND 

ND 

ND 

ND 

ND 

C29 

ND 

ND 

ND 

ND 

ND 

C30 

ND 

ND 

ND 

ND 

ND 

C31 

ND 

ND 

ND 

ND 

ND 

C32 

ND 

ND 

ND 

ND 

ND 

C33 

ND 

ND 

ND 

ND 

ND 

C34 

ND 

ND 

ND 

ND 

ND 

C35 

ND 

ND 

ND 

ND 

ND 

'  C36 

ND 

ND 

ND 

ND 

ND 

Surrogate  Recoveries  % 

74 

73 

83 

77 

58 

THC  mg/kg 

THC  ug/m3 

500.00 

1500.00 

830000.00 

NA 

24000.00 

760000.00 

Table  11.  Concentrations  of  Saturated  Hydrocarbons  and  THC  For  Tests  #1  and  #2 


Client/Field  ID:  Sample  #8,  Sample  #10,  Sample  #13,  Sample  #15,  Sample  #2, 

Test#l,  11  m  Test  #1, 25  m  Test#l,25m  Test  #1, 200+ m  Test  #1,200+ 


BOS  Sample  ID: 

TD62 

TD64 

TD66 

TD68 

TD56 

Batch  ID: 

96-033 

96-033 

96-033 

96-033 

96-033 

Matrix: 

Oil 

Oil 

Oil 

Oil 

Oil 

Sample  Weight  (mg,  oil  weight) 

48.40 

3.60 

0.89 

0.24 

0.17 

Sample  Volume  (L) 

68.3 

92.5 

23.2 

93.2 

89.1 

Dilution: 

1.01 

1.01 

1.01 

1.01 

1.01 

Reporting  Unit: 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

Reporting  Limit: 

5  mg/kg 

5  mg/kg 

5  mg/kg 

5  mg/kg 

5  mg/kg 

Analyte 

CIO 

ND 

ND 

ND 

ND 

ND 

Cll 

ND 

ND 

ND 

ND 

ND 

C12 

ND 

ND 

ND 

ND 

ND 

C13 

ND 

ND 

ND 

ND 

ND 

C14 

ND 

ND 

ND 

ND 

ND 

C15 

ND 

ND 

ND 

ND 

ND 

C16 

ND 

ND 

ND 

ND 

'  ND 

C17 

ND 

ND 

ND 

ND 

ND 

Pristane 

ND 

ND 

ND 

ND 

ND 

C18 

ND 

ND 

ND 

ND 

ND 

Phytane 

ND 

ND 

ND 

ND 

ND 

C19 

ND 

ND 

ND 

ND 

ND 

C20 

ND 

ND 

ND 

ND 

ND 

C21 

ND 

ND 

ND 

ND 

ND 

C22 

ND 

ND 

ND 

ND 

ND 

C23 

ND 

ND 

ND 

ND 

ND 

C24 

ND 

ND 

ND 

ND 

ND 

C25 

ND 

ND 

ND 

ND 

ND 

C26 

ND 

ND 

ND 

ND 

ND 

C27 

ND 

ND 

ND 

ND 

ND 

C28 

ND 

ND 

ND 

ND 

ND 

C29 

ND 

ND 

ND 

ND 

ND 

C30 

ND 

ND 

ND 

ND 

ND 

C31 

ND 

ND 

ND 

ND 

ND 

C32 

ND 

ND 

ND 

ND 

ND 

C33 

ND 

ND 

ND 

ND 

ND 

'  C34 

ND 

ND 

ND 

ND 

ND 

C35 

ND 

ND 

ND 

ND 

ND 

C36 

ND 

ND 

ND 

ND 

ND 

Surrogate  Recoveries  % 

93 

76 

74 

75 

73 

THC  mg/kg 

THC  ug/m3 

630000.00 

49000.00 

59000.00 

4900.00 

5600. ( 

Table  11.  Concentrations  of  Saturated  Hydrocarbons  and  THC  For  Tests  #1  and  #2 


Client/Field  ID: 

Test  2  Oil 

Sample  #9, 

Sample  #1, 

Sample  #4, 

Sample  #12, 

Dec.  14,  1995 

Reference  for  Test  #2 

Test  #2,  1/2  m 

Test  #2,  1/2  m 

Test  Ml, 1 1  m 

BOS  Sample  ID: 

TD72-1 

TD63 

TD55-D 

TD58-D 

TD65 

Batch  ID: 

96-027 

96-033 

96-033 

96-033 

96-033 

Matrix: 

Oil 

Oil 

Oil 

Oil 

Oil 

Sample  Weight  (mg,  oil  weight) 

51.20 

0.04 

84.60 

85.60 

6.70 

Sample  Volume  (L) 

NA 

76.3 

11.0 

6.2 

80.1 

Dilution: 

10.00 

1.01 

20.00 

20.00 

1.01 

Reporting  Unit: 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

Reporting  Limit: 

5  mg/kg 

5  mg/kg 

5  mg/kg 

5  mg/kg 

5  mg/kg 

Analyte 

CIO 

ND 

ND 

ND 

ND 

ND 

Cll 

ND 

ND 

ND 

ND 

ND 

C12 

ND 

ND 

ND 

ND 

ND 

C13 

ND 

ND 

ND 

ND 

ND 

C14 

ND 

ND 

ND 

ND 

ND 

C15 

ND 

ND 

ND 

ND 

ND 

C16 

ND 

ND 

ND 

ND 

ND 

C17 

ND 

ND 

ND 

ND 

ND 

Pristane 

ND 

ND 

ND 

ND 

ND 

C18 

ND 

ND 

ND 

ND 

ND 

Phytane 

ND 

ND 

ND 

ND 

ND 

C19 

ND 

ND 

ND 

ND 

ND 

C20 

ND 

ND 

ND 

ND 

ND 

C21 

ND 

ND 

ND 

ND 

ND 

C22 

ND 

ND 

ND 

ND 

ND 

C23 

ND 

ND 

ND 

ND 

ND 

C24 

ND 

ND 

ND 

ND 

ND 

C25 

ND 

ND 

ND 

ND 

ND 

C26 

ND 

ND 

ND 

ND 

ND 

Cll 

ND 

ND 

ND 

ND 

ND 

C28 

ND 

ND 

ND 

ND 

ND 

C29 

ND 

ND 

ND 

ND 

ND 

C30 

ND 

ND 

ND 

ND 

ND 

C31 

ND 

ND 

ND 

ND 

ND 

C32 

ND 

ND 

ND 

ND 

ND 

*  C33 

ND 

ND 

ND 

ND 

ND 

C34 

ND 

ND 

ND 

ND 

ND 

C35 

ND 

ND 

ND 

ND 

ND 

C36 

ND 

ND 

ND 

ND 

ND 

Surrogate  Recoveries  % 

83 

75 

77 

99 

74 

THC  mg/kg 

THC  ug/m3 

830000.00 

NA 

1000.00 

9700000.00 

17000000.00 

100000.00 

Table  11.  Concentrations  of  Saturated  Hydrocarbons  and  THC  For  Tests  #1  and  #2 


Client/Field  ID: 

Sample  #6, 

Sample  #16, 

Sample  #3, 

Test  M2, 1 1  m 

Test  #2, 100  m 

Test  M2, 100  m 

BOS  Sample  ID: 

TD60 

TD69 

TD57 

Batch  ID: 

96-033 

96-033 

96-033 

Matrix: 

Oil 

Oil 

Oil 

Sample  Weight  (mg,  oil  weight) 

5.65 

1.48 

1.67 

Sample  Volume  (L) 

81.9 

194.5 

215.1 

Dilution: 

1.01 

1.01 

1.01 

Reporting  Unit: 

mg/kg  oil 

mg/kg  oil 

mg/kg  oil 

Reporting  Limit: 

5  mg/kg 

5  mg/kg 

5  mg/kg 

Analyte 

CIO 

ND 

ND 

ND 

Cll 

ND 

ND 

ND 

C12 

ND 

ND 

ND 

C13 

ND 

ND 

ND 

C14 

ND 

ND 

ND 

C15 

ND 

ND 

ND 

C16 

ND 

ND 

ND 

C17 

ND 

ND 

ND 

Pristane 

ND 

ND 

ND 

C18 

ND 

ND 

ND 

Phytane 

ND 

ND 

ND 

C19 

ND 

ND 

ND 

C20 

ND 

ND 

ND 

C21 

ND 

ND 

ND 

C22 

ND 

ND 

ND 

C23 

ND 

ND 

ND 

C24 

ND 

ND 

ND 

C25 

ND 

ND 

ND 

C26 

ND 

ND 

ND 

C27 

ND 

ND 

ND 

C28 

ND 

ND 

ND 

C29 

ND 

ND 

ND 

C30 

ND 

ND 

ND 

C31 

ND 

ND 

ND 

C32 

ND 

ND 

ND 

C33 

ND 

ND 

ND 

C34 

ND 

ND 

ND 

C35 

ND 

ND 

ND 

C36 

ND 

ND 

ND 

Surrogate  Recoveries  %  73  71  75 

THC  mg/kg 

THC  ug/m3  97000.00  12000.00  12000.00 


Table  12.  Concentrations  of  PAHs  For  Tests  #1  and  #2 


Cbcnt/Fidd  ED: 

Sample  #17, 

Sample  #17, 

Sample  #14, 

Sample  #14, 

North  Slope  Crude 

Laboratory  Matrix  BlankA 

Laboratory  Matrix  BlankA 

Field  Blank 

Field  Blank 

BOS  Sample  ID: 

TD70 

TD70 

TD67 

TD67 

TW07NSC 

Batch  ID: 

96-033 

96-033 

96-033 

96-033 

96-033 

Matrix: 

Oil 

Oil 

Oil 

Oil 

Oil 

Sample  Weight  (mg,  oil  weight) 

1.00 

1.00 

1.00 

1.00 

5.09 

Sample  Volume  (L) 

83.8 

83.8 

83.8 

83.8 

NA 

Dilution: 

1.01 

1.01 

1.01 

1.01 

1.00 

Reporting  Unit: 

tng/kg  oil 

ug/m3* 

mg/kg  oil 

ug/m3* 

mglg  oil 

Reporting  Limit: 

S  mg/kg 

5  mg'kg 

5  mg/kg 

Decalin 

39 

B 

0.47 

B 

31 

B 

0.37 

B 

670 

Cl-decaHru 

52 

B 

0.62 

B 

ND 

ND 

1100 

C2 -decalms 

ND 

ND 

ND 

ND 

1400 

C3-decaEns 

ND 

ND 

ND 

ND 

800 

C4-decaizns 

ND 

ND 

ND 

ND 

320 

Benzo{b]ihiophenc 

ND 

ND 

ND 

ND 

ND 

Cl-bcnzofbjthiophencs 

ND 

ND 

ND 

ND 

ND 

C2-benzo{b}th>ophcnes 

ND 

ND 

ND 

ND 

ND 

C3-benzo{b}thiophencs 

ND 

ND 

ND 

ND 

ND 

C4-bcnzofb)th>ophcncs 

ND 

ND 

ND 

B 

ND 

B 

ND 

Naphthalene 

76 

B 

0.91 

B 

66 

0.79 

770 

Cl -naphthalenes 

21 

B 

0.25 

B 

16 

B 

0.19 

B 

1500 

C2-ruphthaienes 

18 

B 

0.22 

B 

ND 

ND 

1700 

C3-naphthaJenes 

ND 

ND 

ND 

ND 

1100 

C4- naphthalenes 

ND 

ND 

ND 

ND 

580 

Biphenyl 

ND 

ND 

ND 

ND 

210 

Acenaphthylene 

ND 

ND 

ND 

ND 

ND 

Accnaphthene 

ND 

ND 

ND 

ND 

14 

Dibenzofuran 

11 

B 

0.13 

B 

ND 

ND 

62 

Fluorene 

10 

B 

0.12 

B 

ND 

ND 

100 

Cl-fluorenes 

ND 

ND 

ND 

ND 

230 

C2-fluorenes 

ND 

ND 

ND 

ND 

300 

C3-fluorencs 

ND 

ND 

ND 

ND 

320 

Anthracene 

ND 

ND 

ND 

ND 

B 

14 

Phcnanthrene 

47 

B 

0.56 

B 

32 

B 

0.39 

290 

Cl-phcnanthrcnea/anthracenes 

ND 

ND 

ND 

ND 

630 

C2-phcnanthrroes/amhraccnes 

ND 

ND 

ND 

ND 

700 

C3-phenanthrencs/anthracencs 

ND 

ND 

ND 

ND 

460 

C4-phenanthrme^anthracenes 

ND 

ND 

ND 

ND 

230 

Dibcnzo  thiophene 

ND 

ND 

ND 

ND 

220 

C  1-dibenzothiophenes 

ND 

ND 

ND 

ND 

390 

C2-dibcnZDthiophencs 

ND 

ND 

ND 

ND 

480 

C3-dibenzothiophenes 

ND 

ND 

ND 

ND 

440 

Fluoranthene 

ND 

ND 

ND 

ND 

3.8 

Pyrene 

ND 

ND 

ND 

ND 

11 

Cl-fhsoranthenes/pyrcnes 

ND 

ND 

ND 

ND 

66 

C2-fluoranthcnes/pyrenes 

ND 

ND 

ND 

ND 

120 

C3-fluoranthcnc*/pyrenes 

ND 

ND 

ND 

ND 

140 

Benz(a)anthraccnc 

ND 

ND 

ND 

ND 

ND 

Chrysene 

ND 

ND 

ND 

ND 

22 

Cl-chryscnea 

ND 

ND 

ND 

ND 

85 

C2 -chrysene* 

ND 

ND 

ND 

ND 

120 

C3 -chrysene* 

ND 

ND 

ND 

ND 

77 

C4-chrysenes 

ND 

ND 

ND 

ND 

41 

Benzo(b)fluoranthene 

ND 

ND 

ND 

ND 

6.7 

Bcnzo(k)fluorantbene 

ND 

ND 

ND 

ND 

ND 

Ben2o(e)pyreae 

ND 

ND 

ND 

ND 

12 

Benzo(a)pyrene 

ND 

ND 

ND 

ND 

ND 

Perylene 

Indeno(l  ,2t3-c,d)pyrene 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

VTT'j 

Dibenz(a,h)anthraccne 

ND 

ND 

ND 

ND 

Bcnzo(fth,i)perylcnc 

ND 

ND 

ND 

ND 

3.5 

Total  PAH 

270 

3.3 

140 

1.7 

16000 

2-methytnaphthaJenc 

21 

B 

0.25 

B 

15 

B 

0.18 

B 

NM 

1-mcthybuphthalene 

10 

B 

0.12 

B 

8.3 

B 

0.099 

B 

NM 

2,6-dimethyinaphthalcne 

5.4 

B 

0.064 

B 

ND 

ND 

NM 

vr\  t 

2,3, 5-trimethyfauphthalcne 

ND 

ND 

ND 

ND 

NM 

1-methyiphcnanlhrene 

ND 

ND 

ND 

ND 

NM 

A  Assume  oS  weight  of  1.00  mg. 

•  Avenge  of  14  sample  volumes  ■  13.8  cubic  meters. 

B,  Laboratory/XAD-2  contaminant  b  major  contributor  to  analyte  concentration. 
J,  concentration  below  reporting  Emit  (5  mgftg). 

NM,  not  measured  in  sample. 


Tabic  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


Cbcnt/Fieid  ID: 

Test  1 

Dec.  13,  1995 

BOS  Sample  ID: 

TD71-1 

Batch  ID: 

96-027 

Matrix: 

oa 

Sample  Weight  (mg,  oil  weight) 

55.20 

Sample  Volume  (L) 

NA 

Dilution: 

10.00 

Reporting  Unit: 

mg/kg  oil 

Reporting  Limit: 

5  mg  Vg 

Decalm 

6.6 

Cl-decatins 

19 

C2-decalmi 

78 

C3-decaHns 

160 

C4-dccalins 

140 

Benzo[b]thiophene 

1.7 

C  l-bcnzo{b}thiophencs 

2.5 

C2-ben2o{b)thiophencs 

12 

C3-benzo{b}thiophenes 

26 

C4-benzo[b]thiophcncs 

58 

Naphthalene 

41 

Cl -naphthalenes 

75 

C2 -naphthalenes 

240 

C3-naphthalenes 

370 

C4-ruphthalenes 

430 

Biphenyl 

5.9 

Acenaphthylene 

ND 

Accnaphthcne 

4.8 

Dibcnzo  furan 

1.7 

Fluorene 

17 

Cl-fluorenes 

89 

C2-fluorenes 

490 

C3-fluorcnes 

1100 

Anthracene 

ND 

Phctunthrcne 

89 

C 1  -phenanthrenes/anthracenes 

520 

C2-phenmthrencs/ anthracenes 

1000 

Ophcnanthrene^anthracenes 

1100 

C4-pheiunthrenes/anthraccnes 

640 

Dibcnzo  thiophene 

150 

Cl-dibenzothiophencs 

970 

C2-dibcn20  thiophenes 

2400 

C3 -dibcnzo  thiophenes 

2800 

Fluoranthene 

7.0 

Pyrene 

14 

Cl-fiuoranthenes/pyrenes 

84 

C2-fluor*nthene^pyrenes 

200 

C3-fluoranthenes/pyrenes 

290 

Benz(a)anthracene 

ND 

Chrysene 

48 

Cl -chrysenes 

81 

C2-chryiencs 

120 

C3-chryienes 

81 

C  4-chrysenes 

ND 

Benzo(b)fiuoranthene 

6.7 

Benzo(k)fluoranthene 

ND 

Benzo(e)pyrmc 

63 

Beazo(a)pyrene 

ND 

Pcryleoc 

ND 

Indeno(X,2,3-c,d)pyrene 

ND 

Dibcnz(a,h)anthracene 

ND 

Benzo(fch,i)pcryienc 

ND 

Total  PAH 

14000 

2-mcthytaaphthalene 

66 

l-methybuphthalenc 

68 

2, 6-dimcthytruphthal  cnc 

48 

2,3,S-trimethyhiaphthakne 

69 

1  -mcthylphenanthrenc 

140 

Sample  #5, 

Sample  #5, 

Reference  for  Test  #1 

Reference  for  Test  #1 

TD59 

TD59 

96-033 

96-033 

Oil 

oa 

1.10 

1.10 

70.3 

70.3 

1.01 

1.01 

mg/Vgoil 

ug^m3 

5  mg/kg 

22 

B 

0.34 

24 

B 

0.37 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

71 

B 

1.1 

18 

B 

0.28 

14 

B 

0.22 

ND 

ND 

ND 

ND 

4.6 

J 

0.073 

ND 

ND 

5.5 

B 

0.087 

9.8 

B 

0.15 

14 

0.21 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

60 

B 

0.93 

10 

0.16 

ND 

ND 

ND 

ND 

ND 

ND 

6.4 

0.10 

ND 

ND 

ND 

ND 

ND 

ND 

17 

0.27 

4.6 

J 

0.072 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

280 

4.4 

19 

B 

030 

11 

B 

0.18 

5.2 

B 

0.081 

ND 

ND 

1.8 

J 

0.029 

B 

B 


B 

B 

B 


B 

B 


B 


B 

B 

B 


B,  Laboraloty/XAD-2  contaminant  is  major  contributor  to  analyte  concentration. 


Table  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


CSent/Field  ID: 

BOS  Sample  ID: 

Batch  ID: 

Matrix: 

Sample  Weight  (mg,  oil  weight) 
Sample  Volume  (L) 

Dilution: 

Reporting  Unit: 

Reporting  Limit: 

Decalm 

CMecaHna 

C2-dccaHm 

C3-decalms 

C4-decaHns 

Benzo[b]thiophene 

Cl -ben2o{b)Aiophenes 

C2-benzo{b)thiophenea 

C3-benzofb}thiophenes 

C4-ben2o[b)thiophcnes 

Naphthalene 

Cl -naphthalenes 

C2-naphthalenes 

C3-naphthaIenes 

C4-naphthalcnc* 

Biphenyl 

Acenaphthylene 

Accnaphthene 

Dibemofuran 

FTuorcnc 

Cl-fluorenes 

C2-fluorenes 

C3-fluorene* 

Anthracene 

Phenanthrene 

C 1 -phenanthrenes/anthracenes 

C2-phenaathrenc^anthracenes 

C3-phcnanthrenea/  anthracenes 

C4-phenanthrenes/  anthracenes 

Dibcnzothiophenc 

Cl-dibenzodtiophencs 

C2-dibcn20thiophene3 

C3-<Hben20thiophcnes 

Fluoranthene 

Pyrene 

C  1-fluoranthenes/pyrencs 

C2-fluoranthenea'pyrenes 

C3-Duoramhenes/pyrenes 

Benz(a)anthracenc 

Chrysene 

Cl-chryseocs 

C2-chrysenes 

C3-chryseoes 

C4-chrysencs 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Ben2»(e)pyrene 

Benzo(a)pyrenc 

Perylene 

fadeno(lt2^-c,d)piyrcne 

Dibcnz(a,h)anthrscene 

Ben2o(g,hti)pcrylene 

Total  PAH 

2-methybaphthalcne 
1-methyinaphthalenc 
2,6-dimethyinaphthalene 
2,3, 5-trimethyfnaphthalene 
1-methyiphesumthrene 


Sample  #7, 

Sample  #7, 

Test  #1,  11  m 

Test  #1,  11m 

TD61 

TD61 

96-033 

96-033 

Ofl 

Oil 

41.40 

48.40 

71.7 

71.7 

1.01 

1.01 

mg/lcgoO 

ugfa3 

S  mgfleg 

11 

7.7 

28 

19 

140 

95 

230 

160 

210 

140 

2.1 

J 

1.4 

4.3 

J 

2.9 

15 

9.8 

47 

32 

63 

43 

65 

44 

110 

76 

320 

220 

540 

360 

460 

310 

1.7 

5.9 

ND 

ND 

6.7 

4.5 

3.3 

J 

2.2 

22 

15 

15 

57 

320 

220 

190 

600 

ND 

ND 

120 

79 

470 

310 

1100 

740 

900 

610 

520 

350 

180 

120 

160 

580 

2600 

1800 

2500 

1700 

ND 

ND 

ND 

ND 

110 

71 

110 

120 

270 

180 

ND 

ND 

43 

29 

72 

48 

120 

78 

100 

67 

31 

21 

1.1 

5.5 

ND 

ND 

*3 

5.6 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.6 

J 

1.1 

14000 

9300 

100 

67 

100 

69 

77 

52 

12 

56 

15 

57 

Sample  #8, 

Sample  #8, 

Test  #1, 11m 

Test  /HI,  11m 

TD62 

TD62 

96-033 

96-033 

Oil 

Oil 

48.40 

48.40 

68.3 

68.3 

1.01 

1.01 

mg/kg  oil 

5  mg/kg 

ug/m3 

7.8 

5.5 

21 

15 

98 

69 

190 

130 

170 

120 

Z  6 

J 

1.9 

ND 

ND 

13 

9.0 

33 

24 

88 

62 

42 

30 

74 

52 

260 

180 

440 

310 

550 

390 

6.3 

4.4 

0.64 

J 

0.45 

5.1 

3.6 

Z3 

J 

1.6 

21 

15 

110 

78 

410 

290 

970 

690 

95 

67 

89 

63 

380 

270 

720 

510 

820 

580 

500 

350 

170 

120 

650 

460 

1700 

1200 

1800 

1300 

ND 

ND 

ND 

ND 

85 

60 

130 

89 

170 

120 

ND 

ND 

29 

20 

43 

30 

57 

40 

51 

36 

ND 

ND 

Z7 

J 

1.9 

ND 

ND 

Z6 

J 

1.8 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

11000 

7800 

65 

46 

66 

47 

58 

41 

88 

62 

92 

65 

B,  Laboratory/XAD-2  contaminant  ts  major  contributor  to  analyte  concentration. 


Table  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


Cbent/FiekJ  ED: 

Sample  #10, 

Sample  #10, 

Sample  #13, 

Sample  #13, 

Sample  #15, 

Test  #1,  25  m 

Test  #1, 25  m 

Test  #1,  25  m 

Test  #1,  25  m 

Test  #1,  200+  m 

BOS  Sample  ID: 

TD64 

TD64 

TD66 

TD66 

TD68 

Batch  ID: 

96-033 

96-033 

96-033 

96-033 

96-033 

Matrix: 

Oil 

oa 

Oil 

oa 

Ofl 

Sample  Weight  (mg,  o2  weight) 

3.60 

3.60 

0.70 

0.70 

0.20 

Sample  Volume  (L) 

92.3 

915 

23.2 

23.2 

93.2 

Dilution: 

1.01 

1.01 

1.01 

1.01 

1.01 

Reporting  Unit: 

mg/kg  oil 

ug/m3 

mg/Vgoil 

ug/m3 

mg/kg  oil 

Reporting  Limit: 

3  mg/kg 

5  mg/kg 

5  mg/kg 

Decalm 

14 

B 

0.55  B 

69 

B 

11 

B 

ND 

Cl-dccalms 

27 

B 

1.0  B 

99 

B 

3.0 

B 

ND 

C2-dccaiini 

140 

5.5 

ND 

ND 

ND 

C3-decaims 

200 

7.8 

ND 

ND 

ND 

C4-decahai 

200 

7.9 

ND 

ND 

ND 

Ben2o(b]thiophenc 

ND 

ND 

ND 

ND 

ND 

C  l-benzo[b)thiophenes 

7.1 

0.28 

22 

0.65 

ND 

C2-ben2o[b]thiophcnc* 

11 

0.44 

ND 

ND 

ND 

C3*benzo[b]thiophenea 

25 

0.96 

27 

0.83 

ND 

C4-ben2o[b]thiophene* 

66 

16 

65 

10 

ND 

Naphthalene 

67 

16 

180 

B 

5.3 

B 

380 

Cl -naphthalenes 

88 

3.4 

100 

3.0 

120 

C2 -naphthalenes 

210 

8.2 

160 

4.9 

200 

C3 -naphthalenes 

380 

15 

290 

8.6 

190 

C4-naphthalenes 

470 

18 

530 

16 

150 

Biphenyl 

7.2 

0.28 

11 

0.33 

ND 

Acenaphthylene 

ND 

ND 

ND 

ND 

ND 

Accnaphthene 

6.2 

0.24 

14 

B 

0.42 

B 

ND 

Dibcnzofunn 

4.9 

J 

0.19 

14 

B 

0.42 

B 

ND 

Fluorcne 

21 

0.83 

23 

0.71 

ND 

Cl-fluorenes 

100 

4.0 

120 

3.5 

33 

C2-fluorcnet 

570 

22 

570 

17 

230 

O-ffuorenes 

1200 

46 

1500 

45 

610 

Anthracene 

ND 

ND 

ND 

ND 

ND 

Phenanthrene 

110 

4.4 

160 

B 

4.9 

B 

190 

C 1  -phenanthrenca/anthraccncs 

520 

20 

710 

21 

270 

C2-phenanthrenes/anthracenes 

1100 

43 

1500 

45 

990 

O-phenanthrenea/anthracenes 

1100 

44 

1300 

40 

690 

C4-phenanthrenes/anthracencs 

650 

25 

*20 

25 

400 

Dibenzo  thiophene 

150 

6.0 

180 

5.3 

48 

Cl-dabenzothiophenes 

1000 

40 

1200 

37 

320 

C2-dibcazothiophene* 

2600 

99 

3300 

98 

1300 

CJ-dibcnzothiophenes 

3000 

120 

3600 

110 

1600 

Fluoranthene 

11 

0.42 

36 

1.1 

ND 

Pyrene 

19 

0.73 

27 

0.8 

ND 

C  1-fluoranthenes/pyrrnes 

97 

3.8 

120 

3.7 

ND 

C2-fluofanthenes/pyrencs 

210 

8.1 

280 

1.5 

ND 

C3-fluoranthencs/pyrenes 

270 

10 

330 

10 

ND 

Benz(a)anthracene 

ND 

ND 

ND 

ND 

ND 

Chrysene 

39 

1.5 

40 

1.2 

ND 

Cl -chrysenes 

58 

13 

79 

14 

ND 

C2 -chrysenes 

87 

3.4 

no 

3.4 

ND 

O-chrysenes 

63 

15 

ND 

ND 

ND 

C4-chryscncs 

ND 

ND 

ND 

ND 

ND 

Bcnzo(b)fluoranthcnc 

4.9 

J 

0.19 

ND 

ND 

ND 

BenzoflOfluoranthene 

ND 

ND 

ND 

ND 

ND 

Benzo(e)pyre&e 

5.0 

0.20 

ND 

ND 

ND 

Benzo(a)pyrcne 

ND 

ND 

ND 

ND 

ND 

Perylene 

1.8 

J 

0.068 

ND 

ND 

ND 

Indeno(  1 ,2,2-c,  d)pyrene 

ND 

ND 

ND 

ND 

ND 

Dibcoz(a,h)anthracene 

ND 

ND 

ND 

ND 

ND 

Bcnzo(gh,i)peryicne 

ND 

ND 

ND 

ND 

ND 

Total  PAH 

15000 

580 

18000 

530 

7700 

2-methyinaphthalcne 

80 

3.1 

99 

3.0 

120 

1  -methyinaphthaJene 

75 

19 

79 

14 

83 

2, 6-dime  thybuphthalcne 

48 

1.9 

37 

U 

55 

2,3, 5-trimcthybuphthalene 

68 

2.6 

58 

1.7 

34 

1-methylphenanthrene 

170 

6.6 

220 

6.5 

63 

B,  Labor*tory/XAD-2  contaminant  is  major  contributor  to  analyte  concentration. 


Tabic  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


Cbent/Fieki  ID: 

Sample  #15, 
Test  #1,  200+ 

BOS  Sample  ID: 

TD68 

Batch  ID: 

96-033 

Matrix: 

oa 

Sample  Weight  (mg.  oil  weight) 

0.20 

Sample  Volume  (L) 

93.2 

Dilution: 

1.01 

Reporting  Unit 

Reporting  Limit 

ugfrn3 

Decafin 

ND 

Cl-decafins 

ND 

C2-dccaHns 

ND 

C3-4ecahw 

ND 

C4-decaKns 

ND 

Benzo(b]thiophenc 

ND 

Cl-bcn2o{b]thiophencs 

ND 

C 1  -bcnzo{b}thiophcnes 

ND 

C 1 -ben2o{b)thiophenes 

ND 

C  l-benzo{b]thiophenes 

ND 

Naphthalene 

0.82 

Cl -naphthalenes 

0.27 

02-naphthalenes 

0.43 

C3-naphthalenes 

0.41 

C4-naphthalencs 

0.33 

Biphenyl 

ND 

Acenaphthylene 

ND 

Acenaphthenc 

ND 

Dibcnzofuran 

ND 

Fluorene 

ND 

Cl-fluorenes 

0.071 

C2-fhiorenes 

0.49 

C3-fluorenes 

1.3 

Anthracene 

ND 

Phenanthrene 

0.40 

C  1-phenanthrenes/anthracenes 

0.59 

C2-phenanthrene^ anthracenes 

2.1 

C3-phenanthrenes/anthracenes 

1.5 

C4-pbenanthrene^anthracenes 

0.86 

Dibenzothiophene 

0.10 

Cl-dibenzoiiophenes 

0.70 

C2-dibcnzothk)phenes 

2.8 

C3-<Hbenzothiophenes 

3.4 

Fluoranthene 

ND 

Pyrene 

ND 

Cl-fluoranthcnes/pyrrnes 

ND 

C2-fluoranthenes/pyrenes 

ND 

C3-fluorantheoes/pyrenes 

ND 

Benz(a)anthracene 

ND 

Chrysene 

ND 

Cl -chrysenes 

ND 

C2-chrysenes 

ND 

C3 -chrysenes 

ND 

C4-chrysenes 

ND 

Bcnzo(b)fluoranthcnc 

ND 

Benzo(k)fluoranthene 

ND 

Benzo(e)pyretK 

ND 

Benzo(i)pyrenc 

ND 

Perylene 

ND 

lndeno(  1 ,2,3-c,  d)pyrene 

ND 

Diben2<alh)anthracene 

ND 

Benzo(g,h,i)peiylenc 

ND 

Total  PAH 

17 

2-methyhuphthaIenc 

0.26 

1-methyhuphthalene 

0.18 

2,6-dimethytnaphthalcnc 

0.12 

2,3, 5-trimethyhuphthalcne 

0.073 

1-methylphcnanthrene 

0.14 

Sample  #2, 

Sample  #2, 

Test  81,  200+  m 

Test  #1,  200+  m 

TD56 

TD56 

96-033 

96-033 

oa 

oa 

0.20 

0.20 

89.1 

89.1 

1.01 

1.01 

mg/kg  oil 

5  mg/kg 

ugfai3 

91 

B 

0.20 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

340 

B 

0.77 

130 

B 

0.29 

180 

0.42 

110 

0.24 

100 

0.23 

22 

0.049 

ND 

ND 

24 

0.054 

41 

B 

0.092 

46 

B 

0.10 

33 

0.074 

180 

0.40 

570 

1.3 

ND 

ND 

220 

B 

0.50 

240 

0.53 

740 

1.7 

480 

1.1 

290 

0.64 

54 

0.12 

310 

0.69 

1000 

2.3 

1200 

2.7 

96 

0.22 

32 

0.073 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0 

ND 

0 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

6500 

15 

120 

0.27 

75 

0.17 

42 

0.094 

23 

0.053 

61 

0.14 

B 


B 

B 


B 

B 


B 


Test  2 

Dee.  14,  1995 
TD72-1 
96-027 

oa 

51.20 
NA 
10.00 
mgfcg  oil 
5  mg/kg 

7.4 

24 

93 

140 

150 

1.7  J 

5.1 
11 
26 
58 
42 
76 
250 
390 
470 
6.0 
ND 
5.1 

1.6  J 

IS 

93 

490 

1200 

ND 

98 
530 
1100 
1100 
710 
150 
960 
2400 
2700 

5.7 
18 
100 
200 
280 
ND 
50 
90 
120 

99 
ND 
8.3 
ND 
11 
ND 
ND 
ND 
ND 
ND 

14000 

68 

69 

52 

71 

150 


Sample  #9, 
Reference  for  Test  #2 
TD63 
96-033 
Oil 
0.80 
76.3 
1.01 

mg/kg  oil 
5  mg/Teg 

ND 

ND 

ND 

ND 

ND 

ND 

7.4 

ND 

ND 

ND 

83 

23 

31 

ND 

ND 

ND 

ND 

11 

13 

14 
ND 
ND 
ND 
ND 
61 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
13 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

260 

26 

16 

9.7 

ND 

ND 


B 

B 

B 


B 

B 


B 


B,  Laboratory/XAD-2  contaminant  is  major  contributor  to  analyte  concentration. 


Table  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


CHcm/FwM  ID: 

Sample  #9, 

Sample  #1, 

Sample  #1, 

Sample  #4, 

Sample  HA, 

Reference  for  Test  #2 

Test  #2,  1/2  m 

Test  #2,  1/2  m 

Test  #2,  1/2  m 

Test  HZ,  1/2  i 

BOS  Sample  ID: 

TD63 

TD55-D 

TD55-D 

TD58-D 

TD58-D 

Batch  ID: 

96-033 

96-033 

96-033 

96-033 

96-033 

Matrix: 

02 

02 

02 

02 

02 

Sample  Weight  (mg,  oil  weight) 

0.80 

14.60 

84.60 

85.60 

85.60 

Sample  Volume  (L) 

76.3 

11.0 

11.0 

6.2 

6.2 

Dilution: 

1.01 

20.00 

20.00 

20.00 

20.00 

Reporting  Unit: 

ug/m3 

mg/kg  ofl 

ugW 

mg/kg  ofl 

ug/m3 

Reporting  Limit: 

5  mg/kg 

5  mg/kg 

DecaHn 

ND 

16 

130 

35 

480 

Cl-decaHru 

ND 

31 

240 

79 

1100 

C2-4rc.aKns 

ND 

120 

890 

140 

1900 

C3-decatini 

ND 

190 

1500 

130 

1800 

C4-decatins 

ND 

160 

1200 

120 

1700 

Bcnzofbjthkrphcnc 

ND 

6.1 

47 

5.6 

77 

Cl-benzo{b]thiophenea 

0.078 

17 

130 

16 

220 

C2-benzo[b}thiophene* 

ND 

28 

210 

24 

330 

C3-benzofb}thiophenes 

ND 

45 

350 

40 

560 

C4-benzo[b}thiophenes 

ND 

95 

730 

75 

1000 

Naphthalene 

0.87 

B 

140 

1100 

160 

2200 

Cl -naphthalenes 

0.24 

B 

150 

1100 

150 

2100 

C2-ruphthaJenes 

0.33 

B 

300 

2300 

250 

3500 

C3-naphthalenc* 

ND 

440 

3400 

360 

4900 

04-naphthalenes 

ND 

590 

4600 

450 

6200 

Biphenyl 

ND 

9.7 

75 

9.5 

130 

Acenaphthylene 

ND 

45 

340 

43 

600 

Acenaphthene 

0.12 

13 

100 

12 

160 

Dibcnznfuran 

0.14 

B 

5.4 

42 

5.0 

69 

Fluorene 

0.15 

B 

66 

510 

55 

760 

Cl-fluormes 

ND 

180 

1400 

150 

2100 

C2-fluorcne* 

ND 

660 

5000 

560 

7800 

C3-fluorenes 

ND 

1500 

12000 

1300 

17000 

Anthracene 

ND 

31 

240 

33 

460 

Phenanthrene 

0.64 

B 

170 

1300 

160 

2200 

Cl-phenanthrenc*/anthraccncs 

ND 

750 

5800 

650 

8900 

C2-phenanthrenea/anthracenes 

ND 

1200 

9400 

1100 

15000 

C3-phcnanthrrnes/anLhracenes 

ND 

1300 

10000 

1200 

16000 

C4-phenanthrcnc^anthracenes 

ND 

760 

5800 

700 

9600 

Dibenzothiophcne 

ND 

220 

1700 

180 

2500 

Cl-dibenzothiophenes 

ND 

1300 

9600 

1100 

15000 

C2-dibcnzothiophencs 

ND 

2800 

22000 

2400 

34000 

C3-dxbenzo  thiophenes 

ND 

3500 

27000 

3000 

41000 

Fluoranthene 

0.14 

23 

180 

20 

280 

Pyrene 

ND 

48 

370 

39 

540 

C  1-fluoranthenes/pyrenes 

ND 

130 

980 

180 

2500 

C2-fluoranthenes/pyrrnes 

ND 

280 

2100 

250 

3500 

C3-fluoranthenes/pyrenes 

ND 

360 

2700 

350 

4800 

Benz(a)anthracene 

ND 

9.6 

74 

25 

340 

Chrysene 

ND 

48 

370 

63 

870 

Cl -chrysenes 

ND 

79 

610 

110 

1500 

C2 -chrysene* 

ND 

no 

850 

130 

1800 

C3 -chrysene* 

ND 

85 

660 

120 

1600 

C4-chryscnes 

ND 

ND 

ND 

ND 

ND 

Bcn2o(b)fluoranthenc 

ND 

7.6 

59 

7.9 

110 

Benzo(k)fluoranthene 

ND 

ND 

ND 

ND 

ND 

Benzo(e)pyrene 

ND 

5.6 

43 

8.8 

120 

Benzo(a)pyrene 

ND 

ND 

ND 

ND  J 

ND 

Pcrylcnc 

ND 

ND 

ND 

ND 

ND 

Indeno(l  ,2,3-c,d)pyrene 

ND 

ND 

ND 

ND 

ND 

Dibenz(a,  h)anthracenc 

ND 

ND 

ND 

ND 

ND 

Benzo(g,h,i)peryienc 

ND 

ND 

ND 

ND 

ND 

Total  PAH 

2.7 

18000 

140000 

16000 

220000 

2-methyfauphthalcne 

0.27 

130 

990 

130 

1800 

1  -methyinaphthalene 

0.17 

140 

1100 

140 

1900 

2, 6-dim  ethyinaphthalcne 

0.10 

62 

470 

47 

650 

2,3, 5-trimcthyinaphthalenc 

ND 

64 

490 

61 

840 

1  -methyiphenanthrenc 

ND 

210 

1600 

180 

2500 

B,  L*bor»U)fy/XAI>2  contaminant  is  major  contributor  to  analyte  concentration. 


Table  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


Cbcnt/Ficid  ID: 

Sample  #12, 

Sample  #12, 

Sample  #6, 

Sample  #6, 

Sample  #16, 

Tot  #2, 11  m 

Teat  #2, 11m 

Teat  #2,  11m 

Tdt  #2,  11  m 

Teat  #2, 100  m 

BOS  Sample  ID: 

TD65 

TD65 

TD60 

TD60 

TD69 

Batch  2D: 

96-033 

96-033 

96-033 

96-033 

96-033 

Matrix: 

oa 

Oil 

Oil 

Oil 

Oil 

Sample  Weight  (mg,  oO  weight) 

6.70 

6.70 

5.80 

5.80 

1.40 

Sample  Vohimc  (L) 

80.1 

80.1 

81.9 

81.9 

194.5 

Dilution: 

1.01 

1.01 

1.01 

1.01 

1.01 

Reporting  Unit: 

mg/kgoD 

ug/m3 

mg/kgoil 

ug/m3 

mglcg  oO 

Reporting  Limit: 

S  mg/kg 

5  mg/kg 

5  mg/kg 

Dccatin 

14 

1.2 

18 

1.3 

32 

Cl-decaKna 

45 

3.8 

56 

3.9 

66 

C2-decaiim 

150 

13 

160 

12 

190 

C3-decattna 

220 

18 

220 

16 

130 

C4-deca&na 

170 

14 

180 

13 

230 

Bcnzo[b)thiophenc 

6.5 

0.55 

6.5 

0.46 

6.9 

Cl-bcnzo[b)thiophcnd 

19 

1.6 

17 

1.2 

23 

C2-bcnzo[b]thiophend 

27 

13 

27 

1.9 

27 

C3-benzo{b]thiophend 

46 

3.8 

43 

3.1 

46 

C4-bcnzo{b}thiophcnd 

75 

6.3 

74 

5.2 

61 

Naphthalene 

180 

15 

200 

14 

260 

Cl -naphtha!  end 

180 

15 

190 

14 

190 

C2 -naphtha]  end 

320 

27 

320 

23 

300 

C3-naphtha!end 

460 

38 

440 

31 

400 

C4-naphthaIena 

490 

41 

510 

36 

430 

Biphenyl 

13 

1.1 

13 

0.89 

15 

Acenaphthylene 

41 

3.4 

41 

2.9 

33 

Accnaphthcne 

13 

u 

13 

0.90 

14 

Dibenzoftxran 

6.4 

0.54 

5.9 

0.42 

9.2 

Fluorenc 

52 

4.3 

54 

3.8 

44 

Cl-fluorend 

130 

11 

150 

10 

120 

C2-fluorend 

580 

49 

650 

46 

470 

C3-Quorend 

1300 

110 

1400 

100 

1200 

Anthracene 

19 

1.6 

19 

1.3 

22 

Phcnanthrene 

140 

11 

140 

9.9 

150 

C 1 -phenanthrene^anthracend 

580 

48 

620 

44 

600 

C2-phenanthrcnes/anthraccnd 

1100 

88 

1100 

80 

1200 

C3-phenanthrenej^anthriccna 

1100 

92 

1200 

82 

1200 

C4-phenanthrenca/anthracenes 

640 

53 

610 

44 

680 

Dibcnzo  thiophene 

170 

14 

180 

12 

160 

C 1 -diben2otfeiophend 

1000 

86 

1100 

75 

970 

C2-dibcn20thiophend 

2500 

200 

2700 

190 

2600 

O-dibenzodnophend 

2900 

250 

3100 

220 

3000 

Fluoranthene 

19 

1.6 

23 

1.6 

30 

Pyrene 

29 

15 

26 

1.8 

25 

Cl  -fluoranthenea/pyrend 

130 

11 

120 

8.7 

130 

C2-fluoranthend/pyrend 

210 

18 

230 

16 

220 

C3-fluoranthenea/pyrend 

280 

23 

300 

21 

300 

Ben2(a)anthracene 

ND 

ND 

ND 

ND 

ND 

Chryaene 

39 

3.2 

44 

3.1 

ND 

Cl-chryaend 

66 

5.5 

63 

4.5 

71 

C2-chryacnd 

92 

7.7 

90 

6.4 

93 

C3-chryaet»d 

68 

5,7 

64 

4.5 

71 

C4-chrysend 

ND 

ND 

ND 

ND 

ND 

Benzo(b)fluoranthenc 

6.7 

0.56 

3.5 

0.39 

5.9 

Ben2o(k)fluoranthcne 

ND 

ND 

ND 

ND 

ND 

Benzo(e)pyrene 

4.7  J 

0.40 

6.1 

0.43 

ND 

Benzo(a)pyrene 

ND 

ND 

ND 

ND 

ND 

Perylene 

ND 

ND 

ND 

ND 

ND 

Indcno(lt2,3-ctd)pyrene 

ND 

ND 

ND 

ND 

ND 

Dibcnz(a,h)anthracene 

ND 

ND 

ND 

ND 

ND 

Benzo(fth,i)perylene 

ND 

ND 

ND 

ND 

ND 

Total  PAH 

16000 

1300 

17000 

1200 

16000 

2-methylnaphthalene 

160 

14 

170 

12 

170 

1-methytnaphthaJene 

170 

14 

170 

12 

170 

2,6-dimcthytnaphthaJenc 

63 

5.3 

73 

5.1 

60 

2,3, 5-triroethylnaphthalene 

76 

6.3 

64 

4.5 

52 

l-methyiphe&anthrene 

210 

18 

210 

15 

190 

B,  Laboratory/XAD-2  contaminant  i a  major  contributor  to  analyte  concentration. 
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Table  12.  Continued,  Concentrations  of  PAHs  For  Tests  #1  and  #2 


CHent/FicW  ID: 

Sample  #16, 

Sample  #3, 

Sample  #3, 

Test  #2,  100  m 

Test  #1 100  m 

Test  #2,  100  m 

BOS  Sample  ID: 

TD69 

TD57 

TD57 

Batch  ID: 

96-033 

96-033 

96-033 

Matrix: 

oa 

oa 

Ofl 

Sample  Weight  (m&  oil  weight) 

1.40 

130 

130 

Sample  Volume  (L) 

194.5 

215.1 

215.1 

Dflubcm: 

1.01 

1.01 

1.01 

Reporting  Unit: 

ug/m3 

mg/kg  ofl 

ug/'nri 

Reporting  Limit: 

5  mg/kg 

Decalm 

0.23 

B 

91 

0.55 

Cl-decaHns 

0.47 

B 

110 

0.67 

C2-decalnu 

1.4 

320 

1.9 

C3-decaIina 

0.91 

540 

33 

C4-dccaHni 

1.7 

470 

2.1 

Bcnzo{b)thiophene 

0.049 

10 

0.062 

C 1  *bcnzo{b]thk)phene* 

0.17 

27 

0.16 

C 1  -benzo[b)thiophenei 

0.19 

32 

0.20 

C 1  -benzo[b]thiophene* 

0.33 

49 

0.29 

CI-ben2o[b]thiophcnc* 

0.44 

72 

0.44 

Naphthalene 

1.8 

380 

Z3 

Cl-naphthalcnes 

1.4 

250 

1.5 

C2-naphthaJenes 

12 

370 

Z2 

C3-naphthaIene* 

19 

450 

2.7 

C4*naphthalenc3 

3.1 

450 

Z7 

Biphenyl 

o.n 

20 

0.12 

Acenaphthylene 

0.24 

43 

0.26 

Acenaphthene 

0.10 

20 

0.12 

Dibenzofuran 

0.066 

B 

15 

B  0.091 

Fluorene 

0.32 

58 

035 

CI*8uorcnei 

0.89 

140 

0.84 

C2“fluorenes 

3.4 

650 

3.9 

C3-fluorene* 

8.8 

1500 

8.9 

Anthracene 

0.16 

28 

0.17 

Phenanthrene 

1.0 

230 

1.4 

C 1  -phenanthreacstaithracenes 

43 

750 

4.5 

C2-phcnanthrenc*/anthracencs 

8.7 

1400 

8.4 

C3-phenanthrene^anthracencs 

8.5 

1300 

7.8 

C4-phenanthrene*'anthracenes 

4.9 

830 

5 

Dibcnzo  thiophene 

1.1 

180 

1.1 

C 1  -dibenzothiophenes 

6.9 

1300 

7.7 

C2-dibcnzDthjophena 

19 

2900 

18 

C3-dibcnzothiophenes 

21 

3600 

21 

Fluoranthene 

0.21 

36 

0.22 

Pyrene 

0.18 

35 

0.21 

C 1  -fhioranthenes'pyrencs 

0.95 

140 

0.82 

C2-ftuoranthenei/pyrcne3 

1.6 

320 

1.9 

C3-fluoranthcnc*/pyrene* 

12 

310 

1.9 

Benz(a)anthrecene 

ND 

ND 

ND 

Chryacne 

ND 

50 

0.3 

Cl -chrysene* 

0.51 

79 

0.48 

C2 -chrysene* 

0.67 

110 

0.66 

C3-chry*coa 

0.51 

89 

0.54 

C4-chrysencs 

ND 

ND 

ND 

Bcnzo(b)fluonmthene 

0.042 

1.4 

0.051 

Bcnzo(k)fluoranthcne 

ND 

ND 

ND 

Benzo(e)pyrene 

ND 

7.5 

0.045 

Bcnzo(a)pyrenc 

ND 

ND 

ND 

Perylcne 

ND 

ND 

ND 

indeno(lt2,3-c,d)pyrene 

ND 

ND 

ND 

Dibenz(i,h)snthracene 

ND 

ND 

ND 

&enzo(fch,i)peryiene 

ND 

ND 

ND 

Total  PAH 

110 

20000 

120 

2-mcthyinaphthalene 

1.3 

240 

1.4 

1  -mcthylnaphthalcn  e 

1.2 

220 

13 

2, 6-dimethyinaph  thalcne 

0.43 

78 

0.47 

2,3, 5 -trimethybuph  thalcne 

037 

81 

0.49 

1-mcthytphenanthrrnc 

1.4 

240 

1.4 

B,  Laboratory/XAD-2  contaminant  is  major  contributor  to  analyte  concentration. 
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SUMMARY 


The  dimethylsulfoxide  extract  of  each  test  article  was  tested  in  the  bacterial 
reverse  mutation  assay  using  S.  typhimurium  tester  strain  TA98  in  the  presence  of 
Aroclor-induced  hamster  liver  S9.  The  assay  was  performed  using  the  preincubation 
method.  The  mutagenicity  assay  was  used  to  evaluate  the  mutagenic  potential  of  the 
test  article  for  the  ability  of  its  extract  (and/or  metabolites)  to  induce  reverse 
mutations  at  a  selected  locus  of  S.  typhimurium  tester  strain  TA98.  This  test  system, 
modified  to  test  petroleum  extracts,  has  been  shown  to  be  a  reliable  indicator  of  the 
carcinogenic  potential  of  high  boiling-point  (>500°F)  oils. 

Dimethylsulfoxide  was  selected  as  the  solvent  of  choice  based  on  the  methods  of 
Blackburn  et  al  (1984)  and  compatibility  with  the  target  cells.  The  maximum  dose 
level  tested  in  the  mutagenicity  assay  was  60  pi  of  undiluted  test  article  extract  per 
plate.  Subsequent  dose  levels  were  prepared  by  diluting  the  test  article  extracts  in 
dimethylsulfoxide.  These  dilutions  were  soluble  at  approximately  0.83  ml/ml,  the 
most  concentrated  dilution  prepared. 

The  results  of  the  Salmonella  Preincubation  Mutagenicity  Assay  for  a  Petroleum 
Extract  indicate  that  under  the  conditions  of  this  study  no  positive  response  was 
observed.  Neither  of  the  test  articles  caused  a  positive  response  with  tester  strain 
TA98  in  the  presence  of  Aroclor-induced  hamster  liver  S9.  Neither  precipitate  nor 
appreciable  toxicity  was  observed.  The  overall  evaluations  are  as  follows: 


|  Summary  of  Results  j| 

Test  Article  ID 

MA  Study  No. 

Mutagenicity  Result* 

(Maximum  fold  mcroaae)  ; 

Mutagenicity 

Index1’ 

TD71 

G96AG87.505 

- 

0 

TD72 

G96AG88.505 

- 

0 

HC235 

positive  control  oil 

3.1 

0.9 

a  For  a  test  material  to  be  considered  positive,  its  extract  must  cause  at  least  a  dose-responsive  doubling  in  the  mean 
revertants  per  plate. 

b  The  mutagenicity  index  (MI)  for  positive  materials  is  calculated  by  performing  a  robust,  nonlinear  regression  analysis  of  the 
assay  data.  It  has  been  successfully  used  to  rank  samples  as  to  their  carcinogenic  potency.  A  correlation  between  the  MI 
and  number  of  tumors  in  vivo  has  been  established  and  MI  values  ^2  arc  considered  biologically  significant.  In  the  absence 
of  a  statistically  significant  dose  response,  an  MI  of  zero  is  assigned.  If  a  statistically  significant  dose  response  is  observed 
but  the  maximum  increase  in  revertant  colony  count  is  less  than  2-fold  above  the  vehicle  control,  the  test  article  is  assigned 
an  MI  of  less  than  one  but  greater  than  zero. 
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PURPOSE 


The  purpose  of  this  study  is  to  evaluate  the  mutagenic  potential  of  the  test  article  (or 
its  metabolites)  by  measuring  the  ability  of  its  extract  to  induce  back  mutations  at  a 
selected  locus  of  Salmonella  typhimurium  TA98  in  the  presence  of  aroclor  induced 
80%  hamster  microsomal  enzymes.  This  test  system  has  been  shown  to  be  predictive 
of  the  carcinogenicity  of  certain  oils. 


CHARACTERIZATION  OF  TEST  AND  CONTROL  ARTICLES 

The  test  article  was  received  by  Microbiological  Associates,  Inc.  on  02/21/96  and 
was  characterized  as  shown  on  page  4.  The  dosing  solutions  were  not  adjusted  to 
compensate  for  the  purity  of  the  test  article.  Aliquots  of  dosing  solution  preparations 
were  retained  for  chemical  analysis  by  the  Sponsor. 

To  extract  test  article,  a  1.0  g  aliquot  of  test  article  was  placed  in  a  conical  glass 
centrifuge  tube  (with  a  Teflon-lined  screw  cap).  For  test  articles  that  are  extremely 
viscous,  a  3.0  ml  aliquot  of  cyclohexane  (CAS#  110-82-7,  Aldrich  Chemical  Co.)  was 
added  and  the  mixture  was  vortexed  until  homogeneous  prior  to  the  addition  of 
dimethylsulfoxide  (DMSO,  CAS#  67-68-5,  Fisher  Scientific).  A  5.0  ml  aliquot  of 
DMSO  was  added  and  the  test  article/cyclohexane/DMSO  mixture  was  again 
vortexed  until  homogeneous.  This  mixture  was  allowed  to  sit  for  5  minutes  and  was 
once  again  vortexed.  This  vortex-sitting  procedure  was  repeated  for  a  total  of  six 
cycles.  The  mixture  was  then  centrifuged  at  1000  rpm  for  10  minutes  at  room 
temperature  in  a  centrifuge,  using  a  swinging-bucket  rotor.  The  DMSO  layer  was 
carefully  removed  by  pipetting  from  beneath  the  oil/cyclohexane  layer,  taking  care 
not  to  cross-contaminate  the  DMSO  extract  with  cyclohexane.  For  each  extract  in 
which  cyclohexane  was  used,  the  extract  was  heated  in  an  open  tube  at  37±2°C  for 
30  minutes  before  blowing  with  N2  for  1  to  2  minutes.  In  this  study,  since  the  test 
articles  were  not  extremely  viscous,  cyclohexane  was  not  used  in  the  extraction 
process. 

Aliquots  of  dosing  solution  preparations  were  returned  to  the  Sponsor  for 
chemical  analysis. 

Positive  controls  plated  concurrently  with  the  assay  are  listed  below: 
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Strain 

S9 

Activation 

Positive  Control 

Concentration 
(per  plate) 

TA98 

+ 

benzo[a]pyrene 

10  Pg 

HC  235 

See  data  table 

Source  and  Grade 


bcnzo[a]pyrenc  (CAS  #50-32-8),  Aldrich  Chemical  Co.,  98%  pure 
HC  235,  crude  distillate 


To  determine  the  sterility  of  the  test  article  extract,  the  highest  dose  level  of 
extract  used  in  the  mutagenicity  assay  was  plated  on  selective  agar  with  an  aliquot 
volume  equal  to  that  used  in  the  assay. 


MATERIALS  AND  METHODS 


Test  System 

The  tester  strain  used  was  the  Salmonella  typhimurium  histidine  auxotroph  TA98 
described  by  Ames  et  al.  (1975).  This  tester  strain  was  received  on  11/10/92  directly 
from  Dr.  Bruce  Ames,  University  of  California,  Berkeley. 

Tester  strains  TA98  is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  independence  (prototrophy)  by  frameshift  mutagens. 

Overnight  cultures  were  prepared  by  inoculating  from  the  appropriate  master 
plate  or  from  the  appropriate  frozen  permanent  stock  into  a  vessel  containing  ~25  ml 
of  culture  medium.  To  assure  that  cultures  were  harvested  in  late  log  phase,  the 
length  of  incubation  was  controlled  and  monitored.  Following  inoculation,  the  flask 
was  placed  in  a  shaker/incubator  programmed  to  begin  shaking  at  approximately 
100  rpm  at  37±2°C  16  hours  before  the  anticipated  time  of  harvest.  The  overnight 
culture  was  subcultured  by  using  2.0  ml  of  the  16-hour  culture  to  inoculate  8.0  ml  of 
fresh  broth.  The  inoculated  flask  was  then  placed  in  a  shaker/incubator  for  3  hours 
at  approximately  100  rpm  and  37±2°C.  At  the  end  of  the  3  hour  incubation,  each 
culture  was  monitored  spectrophotometrically  for  turbidity  and  was  harvested  at  a 
percent  transmittance  yielding  a  titer  of  approximately  109  cells  per  milliliter.  If  it 
was  necessary  to  inoculate  multiple  flasks  to  have  sufficient  volume  of  culture  for  the 
studies,  they  were  combined  before  use.  The  actual  titers  were  determined  by  viable 
count  assays  on  nutrient  agar  plates. 


MICROBIOLOGICAL 
ASSOCIATES,  INC. 


MA  Study  No.  G96AG87.505  and  G96AG88.505 


8 


Metabolic  Activation  System 

Aroclor  1254-induced  hamster  liver  S9  was  used  as  the  metabolic  activation 
system.  The  S9  was  prepared  from  male  Syrian  Golden  hamsters  induced  with  a 
single  intraperitoneal  injection  of  Aroclor  1254,  500  mg/kg,  five  days  prior  to 
sacrifice.  The  S9  batch  was  prepared  10/06/95  and  stored  at  <-70°C  until  used. 

Each  bulk  preparation  of  S9  was  assayed  for  its  ability  to  metabolize  2- 
aminoanthracene  and  7,12-dimethylbenz(a)anthracene  to  forms  mutagenic  to 
Salmonella  typhimurium  TA100. 

The  S9  mix  was  prepared  immediately  before  its  use  and  contained  80%  S9, 

5  mM  glucose-6-phosphate,  8  mM  /3-nicotinamide-adenine  dinucleotide  phosphate, 

8  mM  MgCl2  and  33  mM  KC1  in  a  100  mM  phosphate  buffer  at  pH  7.4.  To  confirm 
the  sterility  of  the  S9  mix,  a  0.5  ml  aliquot  of  was  plated  on  selective  agar. 

Mutagenicity  Assay 

The  mutagenicity  assay  was  used  to  evaluate  the  mutagenic  potential  of  the  test 
article.  A  minimum  of  eight  dose  levels  of  each  test  article  extract  along  with 
appropriate  vehicle  and  positive  controls  were  plated  with  tester  strain  TA98  in  the 
presence  of  80%  hamster  liver  S9  activation.  All  dose  levels  of  test  article,  vehicle 
controls  and  positive  controls  were  plated  in  triplicate. 

Plating  and  Scoring  Procedures 

The  test  system  was  exposed  to  the  test  article  extract  via  the  modification  of  the 
preincubation  methodology  (Yahagi  et  al.  1977)  developed  specifically  for  oils  by 
Blackburn  et  al.  (1984). 

On  the  day  of  its  use,  minimal  top  agar,  containing  0.8  %  agar  (W/V)  and  0.5  % 

NaCl  (W/V),  was  melted  and  supplemented  with  L-histidine,  D-biotin  and 
L-tryptophan  solution  to  a  final  concentration  of  50  ;uM  each.  Top  agar  not  used 
with  S9  was  supplemented  with  25  ml  of  water  for  each  100  ml  of  minimal  top  agar. 

For  the  preparation  of  media  and  reagents,  all  references  to  water  imply  sterile, 
deionized  water  produced  by  the  Milli-Q  Reagent  Water  System.  Bottom  agar  was 
Vogel-Bonner  minimal  medium  E  (Vogel  and  Bonner,  1956)  containing  1.5  %  (W/V) 
agar.  Nutrient  bottom  agar  was  Vogel-Bonner  minimal  medium  E  containing  1.5  % 

(W/V)  agar  and  supplemented  with  2.5  %  (W/V)  Oxoid  Nutrient  Broth  No.  2  (dry 
powder).  Nutrient  Broth  was  Vogel-Bonner  salt  solution  supplemented  with  2.5  % 

(W/V)  Oxoid  Nutrient  Broth  No.  2  (dry  powder). 

Each  plate  was  labeled  with  a  code  system  that  identified  the  test  article,  test 
phase,  dose  level,  tester  strain,  and  activation,  as  described  in  detail  in 
Microbiological  Associates,  Inc.’s  Standard  Operating  Procedures. 

The  test  article  extract  dilutions  were  prepared  immediately  before  use.  A  500  pi 
aliquot  of  S9  mix  was  added  to  13  X  100  mm  glass  culture  tubes  pre-heated  to 
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37±2°C.  To  these  tubes  were  added  100  ^1  of  appropriate  tester  strain  and  either  60 
jd  of  vehicle,  test  article  extract  or  positive  control  oil  extract.  When  plating  the 
positive  controls,  the  test  article  extract  aliquot  was  replaced  by  a  50  ^1  aliquot  of 
appropriate  positive  control.  After  vortexing,  these  mixtures  were  incubated  without 
shaking  for  20+2  minutes  at  37±2°C.  Following  the  preincubation,  2.0  ml  of 
selective  top  agar  was  added  to  each  tube  and  the  mixture  was  vortexed  and  overlaid 
onto  the  surface  of  25  ml  of  minimal  bottom  agar.  After  the  overlay  had  solidified, 
the  plates  were  inverted  and  incubated  for  approximately  48  to  72  hours  at  37±2°C. 
Plates  that  were  not  counted  immediately  following  the  incubation  period  were  stored 
at  4±2°C  until  colony  counting  could  be  conducted. 

The  condition  of  the  bacterial  background  lawn  was  evaluated  for  evidence  of  test 
article  toxicity  and  precipitate  by  using  a  dissecting  microscope.  Toxicity  and  degree 
of  precipitation  were  scored  relative  to  the  vehicle  control  plate  using  the  codes 
shown  below. 


Code 

Description 

Characteristics  .--v 

1 

Normal 

Distinguished  by  a  healthy  microcolony  lawn. 

2 

Slightly  Reduced 

Distinguished  by  a  noticeable  thinning  of  the  microcolony  lawn  and 
possibly  a  slight  increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

3 

Moderately 

Reduced 

Distinguished  by  a  marked  thinning  of  the  microcolony  lawn  resulting  in 
a  pronounced  increase  in  the  size  of  the  microcolonies  compared  to  the 
vehicle  control  plate. 

4 

Severely 

Reduced 

Distinguished  by  an  extreme  thinning  of  the  microcolony  lawn  resulting 
in  an  increase  in  the  size  of  the  microcolonies  compared  to  the  vehicle 
control  plate  such  that  the  microcolony  lawn  is  visible  to  the  unaided  eye 
as  isolated  colonies. 

5 

Absent 

Distinguished  by  a  complete  lack  of  any  microcolony  lawn  over  >90%  of 
the  plate. 

6 

Obscured  by 
Precipitate 

The  background  bacterial  lawn  cannot  be  accurately  evaluated  due  to 
microscopic  test  article  precipitate. 

SP 

Slight  Precipitate 

Distinguished  by  noticeable  precipitate  on  the  plate,  either  macro  or 
microscopically;  however,  any  precipitate  particles  detected  by  the 
automated  colony  counter  must  total  less  than  10%  of  the  revertant 
colony  count  (e.g.,  <3  particles  on  a  plate  with  30  revertants.) 

MP 

Moderate 

Precipitate 

Distinguished  by  a  marked  amount  of  precipitate  on  the  plate  such  that 
the  number  of  precipitate  particles  detected  by  the  automated  colony 
counter  exceeds  10%  of  the  revertant  colony  count  (e.g.,  >3  particles  on 
a  plate  with  30  revertants). 

HP 

Heavy 

Precipitate 

Distinguished  by  a  large  amount  of  precipitate  on  the  plate,  making  the 
revertant  colonies  difficult  to  distinguish  from  the  precipitate. 

Revertant  colonies  for  a  given  tester  strain  and  activation  condition  were  counted 
either  entirely  by  automated  colony  counter  or  entirely  by  hand  unless  the  assay  was 
the  preliminary  toxicity  assay  or  the  plate  exhibited  toxicity.  Plates  with  sufficient  test 
article  precipitate  to  interfere  with  automated  colony  counting  were  counted 
manually. 

MICROBIOLOGICAL 
ASSOCIATES,  INC. 


MA  Study  No.  O96AG87.505  and  G96AG88.505 


10 


Evaluation  of  Results 


For  each  replicate  plating,  the  mean  and  standard  deviation  of  the  number  of 
revertants  per  plate  were  calculated  and  are  reported. 

For  a  test  article  extract  to  be  considered  positive,  it  must  cause  at  least  a 
doubling  in  the  mean  revertants  per  plate.  This  increase  in  the  mean  number  of 
revertants  per  plate  must  be  accompanied  by  a  dose  response  to  increasing 
concentrations  of  the  test  article  extract. 

On  each  positive  data  set  a  robust,  nonlinear  regression  was  calculated  as 
described  by  Myers  et  al.  (1981).  This  regression  analysis  generates  a  slope  value  that 
is  identified  as  the  Mutagenicity  Index  (MI)  and  it  has  been  successfully  used  to  rank 
samples  as  to  their  carcinogenic  potency.  A  correlation  between  the  MI  and  number 
of  tumors  in  vivo  has  been  established  and  MI  values  >2  are  considered  biologically 
significant.  In  the  absence  of  a  statistically  significant  dose  response,  an  MI  of  zero  is 
assigned.  If  a  statistically  significant  dose  response  is  observed  but  the  maximum 
increase  in  revertant  colony  count  is  less  than  2-fold  above  the  vehicle  control,  the 
test  article  is  assigned  an  MI  of  less  than  one  but  greater  than  zero.  If  the  standard 
model  does  not  fit  the  curve,  Blackburn  recommends  the  use  of  a  linear  model  to 
determine  the  slope  of  the  dose  response  curve  when  the  maximum  fold  increase  is  at 
least  two-fold.  If  these  data  are  found  to  have  a  significant  linear  relationship,  then 
the  MI  is  the  slope  of  the  predicted  dose-response  curve. 

Criteria  for  a  Valid  Test 

The  following  criteria  must  be  met  for  the  mutagenicity  assay  to  be  considered 
valid.  All  tester  strain  cultures  must  demonstrate  the  presence  of  the  deep  rough 
mutation  ( rfa ),  the  presence  of  the  pKMIOl  plasmid  R-factor  and  the  deletion  in  the 
uvrB  gene.  All  cultures  must  demonstrate  the  characteristic  mean  number  of 
spontaneous  revertants  (20  -  60)  in  the  vehicle  controls.  To  ensure  that  appropriate 
numbers  of  bacteria  are  plated,  tester  strain  culture  titers  must  be  greater  than  or 
equal  to  0.3xl09  cells/ml.  The  mean  of  each  positive  control  must  exhibit  at  least  a 
three-fold  increase  in  the  number  of  revertants  over  the  mean  value  of  the  respective 
vehicle  control.  A  minimum  of  three  non-toxic  dose  levels  are  required  to  evaluate 
assay  data.  A  dose  level  is  considered  toxic  if  one  or  both  of  the  following  criteria 
are  met:  (1)  A  >50  %  reduction  in  the  mean  number  of  revertants  per  plate  as 
compared  to  the  mean  vehicle  control  value.  This  reduction  must  be  accompanied  by 
an  abrupt  dose-dependent  drop  in  the  revertant  count.  (2)  A  reduction  in  the 
background  lawn. 

Archives 

Upon  completion  of  the  final  report,  all  raw  data  and  reports  will  be  maintained 
by  the  Quality  Assurance  Unit  of  Microbiological  Associates,  Rockville,  MD  in 
accordance  with  the  relevant  Good  Laboratory  Practices  Regulations. 
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RESULTS  AND  DISCUSSION 


Solubility  Test 

Dimethylsulfoxide  was  selected  as  the  solvent  of  choice  based  on  the  methods  of 
Blackburn  et  al.  (1984)  and  compatibility  with  the  target  cells.  The  maximum  dose 
level  tested  in  the  mutagenicity  assay  was  60  p\  of  undiluted  test  article  extract  per 
plate.  Subsequent  dose  levels  were  prepared  by  diluting  the  test  article  extracts  in 
dimethylsulfoxide.  These  dilutions  were  soluble  at  approximately  0.83  ml/ml,  the 
most  concentrated  dilution  prepared. 

Mutagenicity  Assay 

The  results  of  the  mutagenicity  assay  are  presented  in  Tables  1  through  3  and 
summarized  in  Table  4.  These  data  were  generated  in  Experiment  B2.  Neither 
precipitate  nor  appreciable  toxicity  was  observed. 

In  Experiment  Bl,  the  assay  was  not  evaluated  due  to  unacceptable  vehicle 
control  values  but  was  repeated  in  Experiment  B2. 

In  Experiment  B2,  no  positive  responses  were  observed  with  any  of  the  tester 
strains  in  the  presence  and  absence  of  S9  activation. 


CONCLUSION 

All  criteria  for  a  valid  study  were  met  as  described  in  the  protocol.  The  results  of 
the  Salmonella  Preincubation  Mutagenicity  Assay  for  a  Petroleum  Extract  indicate 
that  under  the  conditions  of  this  study,  extracts  of  test  articles  did  not  cause  a  positive 
response  with  tester  strain  TA98  in  the  presence  of  Aroclor-induced  hamster  liver  S9. 
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Summary  of  Results  j 

Test  Article  ID 

MA  Study  No. 

Mutagenicity  Result8 

:  .  (Maximum  fold  increase) 

Mutagenicity 

Index1* 

TD71 

G96AG87.505 

- 

0 

TD72 

G96AG88.505 

- 

0  : 

HC-235 

Positive  Control  Oil 

3.1 

0.9 

a  For  a  test  material  to  be  considered  positive,  its  extract  must  cause  at  least  a  dose-responsive  doubling  in  the  mean 
revertants  per  plate. 

b  The  mutagenicity  index  (MI)  for  positive  materials  is  calculated  by  performing  a  robust,  nonlinear  regression  analysis  of  the 
assay  data.  It  has  been  successfully  used  to  rank  samples  as  to  their  carcinogenic  potency.  A  correlation  between  the  MI 
and  number  of  tumors  in  vivo  has  been  established  and  MI  values  ^2  are  considered  biologically  significant.  In  the  absence 
of  a  statistically  significant  dose  response,  an  MI  of  zero  is  assigned.  If  a  statistically  significant  dose  response  is  observed 
but  the  maximum  increase  in  revertant  colony  count  is  less  than  2-fold  above  the  vehicle  control,  the  test  article  is  assigned 
an  MI  of  less  than  one  but  greater  than  zero. 
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Salmonella  Mutagenicity  Assay 

Table 

1 

Test  Article  Id 

:  TD71 

Study  Number 

:  G96AG87 

.505 

Experiment  No  : 

B2 

Strain 

:  TA98 

Cells 

Seeded  : 

8.2  X  10s 

Liver  Microsomes 

:  Hamster 

liver 

S9 

Date 

Plated  : 

03/29/96 

Vehicle 

:  dime thylsulf oxide 

(DMSO) 

Plating  Aliquot 

:  60  pi 

Counted  by  : 

hand 

Concentration  Plate  Revertants 

Background 

Average 

Standard 

/il  per  plate  Number  per  plate 

Code3 

Revertants 

Deviation 

Vehicle 

01 

27 

1 

02 

27 

1 

03 

24 

1 

26 

2 

5.0 

01 

27 

1 

02 

33 

1 

03 

45 

1 

35 

9 

10 

01 

18 

1 

02 

23 

1 

03 

35 

1 

25 

9 

15 

01 

27 

1 

02 

33 

1 

03 

38 

1 

33 

6 

20 

01 

24 

1 

02 

29 

1 

03 

24 

1 

26 

3 

30 

01 

25 

1 

02 

31 

1 

03 

38 

1 

31 

7 

40 

01 

23 

1 

02 

26 

1 

03 

29 

1 

26 

3 

50 

01 

23 

1 

02 

27 

1 

03 

18 

1 

23 

5 

60 

01 

26 

1 

02 

23 

1 

03 

24 

1 

24 

2 

Positive  Control  benzo [a] pyrene 

10.1 

0  /ig  per  plateb 

01 

94 

i 

02 

81 

i 

03 

103 

i 

93 

11 

background  bacterial  evaluation  code 

l**Normal  2**Slightly  reduced 

4-Extremely  reduced  5-Absent 
SP-Slight  precipitate  MP-Moderate  precipitate 
^Positive  control  plates  were  machine  counted 


3-Moderately  reduced 
6=0bscured  by  precipitate 
HP-Heavy  precipitate 
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Salmonella  Mutagenicity  Assay 
Table  2 

Test  Article  Id  :  TD72 

Study  Number  :  G96AG88.505  Experiment  No  :  B2 

Strain  :  TA98  Cells  Seeded  :  8.2  X  10s 

Liver  Microsomes  :  Hamster  liver  S9  Date  Plated  :  03/29/96 

Vehicle  :  dimethylsulfoxide  (DMSO) 

Plating  Aliquot  :  60  fil  Counted  by  :  hand 


Concentration 
/*1  per  plate 

Plate 

Number 

-i  ■  —  ii 

Revertants 
per  plate 

Background 

Code3 

Average 

Revertants 

Standard 

Deviation 

Vehicle 

01 

27 

i 

02 

27 

i 

03 

24 

i 

26 

2 

5.0 

01 

21 

i 

02 

32 

i 

03 

33 

i 

29 

7 

10 

01 

28 

i 

02 

28 

i 

03 

25 

i 

27 

2 

15 

01 

18 

i 

02 

22 

i 

03 

29 

i 

23 

6 

20 

01 

25 

i 

02 

29 

i 

03 

24 

i 

26 

3 

30 

01 

31 

i 

02 

23 

i 

03 

24 

i 

26 

4 

40 

01 

22 

i 

02 

24 

i 

03 

27 

i 

24 

3 

50 

01 

17 

i 

02 

25 

i 

03 

25 

i 

22 

5 

60 

01 

32 

i 

02 

29 

i 

03 

29 

i 

30 

2 

Positive  Control  benzo [a] pyrene  10 

.  0  fig  per  plateb 

01 

94 

i 

02 

81 

i 

03 

103 

i 

93 

11 

background  bacterial  evaluation 

code 

1* 

•Normal 

2=Slightly  reduced 

3=Moderately 

reduced 

4’ 

•Extremely  reduced 

5=Absent 

6=Obscured  by  precipitate 

SP~Slight  precipitate 

MP=Moderate  precipitate 

HP=Heavy  precipitate 

^Positive  control  plates  were  machine 

counted 
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Salmonella  Mutagenicity  Assay 
Table  3 


Test  Article 

Id  :  HC-235 

Experiment  No  : 

B2 

Strain 

:  TA98 

Cells 

Seeded  : 

8.2  X  108 

Liver  Microsomes  :  Hamster 

liver  S9 

Date 

Plated  : 

03/29/96 

Vehicle 

:  dime thylsulf oxide 

(DMSO) 

Plating  Aliquot  :  60  pi 

Counted  by  : 

hand 

Concentration 

Plate  Revertants  Background 

Average 

Standard 

pi  per  plate 

Number  per  plate 

Codea 

Revertants 

Deviation 

Vehicle 

01 

27 

i 

02 

27 

i 

03 

24 

i 

26 

2 

o 

in 

01 

36 

i 

02 

35 

i 

03 

28 

i 

33 

4 

10 

01 

29 

1 

02 

29 

i 

03 

19 

1 

26 

6 

15 

01 

29 

i 

02 

22 

i 

03 

30 

i 

27 

4 

20 

01 

55 

i 

02 

37 

i 

03 

48 

i 

47 

9 

30 

01 

53 

1 

02 

43 

i 

03 

60 

i 

52 

9 

40 

01 

56 

i 

02 

61 

i 

03 

65 

i 

61 

5 

50 

01 

77 

i 

02 

78 

i 

03 

85 

i 

80 

4 

60 

01 

61 

i 

02 

52 

i 

03 

64 

i 

59 

6 

Positive  Control  benzo[a] 

pyrene  10 . 

o  Pg 

per  plateb 

01 

94 

1 

02 

81 

1 

03 

103 

1 

93 

11 

background  bacterial  evaluation  code 

!■ 

■Normal 

2*Slightly 

reduced 

3*Moderately 

reduced 

Extremely  reduced 

5=Absent 

6=Obscured  by  precipitate 

SP~Slight  precipitate  MP=Moderate  precipitate  HP^Heavy  precipitate 
^Positive  control  plates  were  machine  counted 
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Salmonella  Mutagenicity  Assay 
Summary  of  Results 

Table  4 


Test  Article  Id  :  TD71 

Study  Number  :  G96AG87.505  Experiment  No  :  B2 

Average  Revertants  Per  Plate  ±  Standard  Deviation 
Liver  Microsomes:  Hamster  liver  S9 


Dose  (/i  1) 

G96AG87 

G96AG88 

HC- 

-235 

0.0 

26  ± 

2 

26  ± 

2 

26 

± 

2 

5.0 

35  ± 

9 

29  ± 

7 

33 

± 

4 

10 

25  ± 

9 

27  ± 

2 

26 

± 

6 

15 

33  ± 

6 

23  ± 

6 

27 

± 

4 

20 

26  ± 

3 

26  ± 

3 

47 

± 

9 

30 

31  ± 

7 

26  ± 

4 

52 

± 

9 

40 

26  ± 

3 

24  ± 

3 

61 

± 

5 

50 

23  ± 

5 

22  ± 

5 

80 

± 

4 

60 

24  ± 

2 

30  ± 

2 

59 

± 

6 

Pos 

93  ± 

11 

93  ± 

11 

93 

± 

11 

0.0  =  Vehicle  plating  aliquot  of  60  /il 

Pos  *  Positive  Control  concentrations  as  specified  in  Materials  and  Methods  section. 
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Historical  Control  Data 
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Historical  Vehicle  and  Positive  Control  Values 
1993  -  1995 

revertants  per  plate 

Activation 

Strain 

Control 

None 

Mean 

SD 

Min 

Max 

DMSO 

36 

16 

63 

TA98 

BAP 

449 

■jl 

224 

HC235 

208 

67 

36 

MI 

6 

1 

5 

■B 

SD  =  standard  deviation;  Min  =  minimum  value;  Max= 
DMSO  =  dimethylsulf oxide;  BAP  =  benzo[a] pyrene; 
HC235  =  crude  oil  distillate; 

MI  =  mutagenicity  index  for  HC235 

=  maximum  value; 
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PROTOCOL  AMENDMENT  I 


SPONSOR: 
TEST  ARTICLE  T.D.: 


Hariand  Bartholomew  &  Associates,  Inc. 
TD71  and  TD72 


MA  STUDY  NO: 


G96AG87-S8.S05 


SPONSOR  PROJECT  NO. 


72*715 


PROTOCOL  TITLE: 


Salmonella  Preincubation  Mutagenicity  Assay  for  a 
Petroleum  Extract 


1.  LOCATION:  Page  2,  §4.2;  Address 

AMENDMENT:  Add  the  following  io  line  1  of  the  address 
"  and  9630  Medical  Center  Drive" 

REASON  FOR  THE  AMENDMENT:  The  assay  was  completed  after  relocation  of 
die  laboratory  to  die  testing  facility's  new  address. 


APPROVALS: 


Q-  JU  HE" 


STUDY  DIRECTOR 


DATE 


IVE 


±l±Lh.L 

DATE 
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MICROBIOLOGICAL  P.2/12  @°° 

by  RA/QAiilLlrifa 

MA  Stody  Number: 


SALMONELLA  PREINCUBATION  MUTAGENICITY  ASSAY  FOR  A 

PETROLEUM  EXTRACT 


1.0  PURPOSE 

The  purpose  of  this  study  is  to  evaluate  the  mutagenic  potential  of  the  test  article 
(or  its  metabolites)  by  measuring  the  ability  of  its  extract  to  induce  back  mutations 
at  selected  locus  of  Salmonella  typhimurium  TA98  in  the  presence  of  aroclor 
induced  80%  hamster  microsomal  enzymes.  This  test  system  has  been  shown  to  be 
predictive  of  the  carcinogenicity  of  certain  oils. 


2.0  SPONSOR 


2.1  Name: 
22  Address: 


HaHanH  Bartholomew  A  Associates,  Inc. 

VJCCih® 

400  Mill  Road  South.  Suite  330 
Chesterfield,  MO  63017 


2.3  Representative:  Bruce  Cox 

Parsons  Engineering 

2.4  Sponsor  Project  #:  *7  2.  #  7  /  5 

3.0  IDENTIFICATION  OF  TEST  AND  CONTROL  SUBSTANCES 


3.1  Test  Article:  TD71  and  TD72 

3  2  Controls:  Positive:  benzo[a]pyrene 

HC-235 

Negative:  Vehicle  controls 

33  Determination  of  Strength,  Purity,  etc. 

The  Sponsor  will  be  directly  responsible  for  determination  and  documentation 
of  the  analytical  purity  and  composition  of  the  test  article  and  the  stability 
nwH  strength  of  the  dosing  solutions. 

3.4  Test  Article  Retention  Sample 

The  retention  of  a  reserve  sample  of  the  test  article  will  be  the  responsibility 
of  the  Sponsor. 

4.0  TESTING  FACEJIY  AND  KEY  PERSONNEL 

4.1  Name:  Genetic  and  Cellular  Toxicology  Division 

Microbiological  Associates,  Inc. 


Protocol  No,  SPGT505 


02/02/96 


tu,  jiArnrr 

^<Ppg£AG88.505 


1  of  8 

22 


MICROBIOLOGICAL 
ASSOCIATES,  INC. 


MICROBIOLOGICAL 


P.3/12  0°O3 


n  a  /ni  /oc  CT»  T  Ifiilfl  U»T  1ft  1  118  1  ftl  C 

03/01MPlR  04  196  08:2SflN  PARSONS  ENG  SCIENCE- 


4  2  Address: 


9900  Blackwell  Road 
Rockville,  MD  20850 


5.0 


4.3  Study  Director:  Valentine  O.  Wagner,  ID,  M.S. 

4.4  Associate  Study  Director:  Richard  H.  C.  San,  Ph.D. 
TEST  SCHEDULE 


5.1  Proposed  Experimental  Initiation  Date:  o3 j  ^  K ^ 
52  Proposed  Experimental  Completion  Date:  0  "'I 
5.3  Proposed  Report  Date: 


6.0  TEST  SYSTEM 

The  Ames  Test  has  been  shown  to  be  a  sensitive,  rapid,  accurate  indicator  of  the 
mutagenic  activity  of  a  wide  range  of  chemical  classes. 

The  tester  strain  to  be  used  will  be  the  Salmonella  typhimurium  histidine  auxotroph 
TA98  as  described  by  Ames  et  al .  (1975). 


This  tester  strain  rnntamn,  in  addition  to  a  mutation  in  the  histidine  operon,  two 
mutations  that  enhance  its  sensitivity  to  some  mutagenic  compounds. 

The  rfa  mutation  causes  a  loss  of  one  of  the  enzymes  responsible  for  the  synthesis 
of  part  of  the  lipopolysaccharide  layer  of  the  cell  wall.  The  resulting  cell  wall 
deficiency  increases  the  permeability  of  the  cell  to  certain  classes  of  chemicals  such 
as  those  containing  large  ring  systems  that  would  otherwise  be  excluded  by  a 
normal  intact  cell  wall.  The  second  mutation  is  a  deletion  in  the  uvrB  gene  that 
results  in  a  deficient  DNA  excision-repair  system,  and  consequently,  greatly 
mhETK^  sensitivity  to  some  mutagens.  Since  the  uvrB  deletion  extends  through 
the  bio  gene,  TA98  requires  the  vitamin  biotin  for  growth.  Finally,  tester  strain 
TA98  also  contains  the  pKMIOl  plasmid  (carrying  the  R-factor)  that  further 
increases  the  sensitivity  of  this  strain  to  some  mutagens.  The  mechanism  by  which 
this  piacmiH  increases  sensitivity  to  mutagens  has  been  suggested  to  be  by  modifying 
an  existing  bacterial  DNA  repair  polymerase  complex  involved  with  the  mis-match 
repair  process.  TA98  is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  independence  (prototrophy)  by  frameshift  mutagens. 


The  tester  strain  was  received  directly  from  Dr.  Bruce  Ames,  Department  of 
Biochemistry,  University  of  California,  Berkeley. 
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7.0  EXPERIMENTAL  DESIGN  AND  METHODOLOGY 


An  .ytna  of  the  test  aitide  and  the  positive  control  oil  HC  235  will  be  tested  at  a 

S  TiLliZ  by  Blackburn  *  *  (1984^ 

vehicle  controls  and  positive  controls  will  be  plated  in  triplicate. 

The  dose  levels  to  be  used  in  the  mutagenicity  assay  will  be  60,  50,  40,  30,  20, 15, 

W  and  5  ^  of  extract  per  plate,  unless  there  is  a  limitation  due  to  excessive  toxicity 

or  precipitate. 

71  Frequency  and  Route  of  Administration 

The  test  system  will  be  exposed  to  an  extract  of  the  test  article  based  on  the 
preincubation  modification  of  the  Ames  Test  mo^ed  for  petroleum  extracts 
by  Blackburn  er  dL  (1984)  and  the  Standard  Test  Method  for  Deterimmng 
Carcinogenic  Potential  of  Virgin  Base  Oils  m  Metalworking  Fluids  (ASTM 
Method  E  1687-951. 


7.2  Controls 

7.2.1  Positive  Controls 

Positive  controls  plated  concurrendy  with  the  assay  are  as  follows: 


Positive  Control* 


■H 

gliSll 

Mil 

beazo[a]pyreoe  10  ftg  K 

TA98 

1  + 

HCZ3S  See  S7.0  j 

A  single  set  of  positive  controls  will  be  used  for  all  concurrently  tested 
test  articles. 

122  Vehicle  Control 

The  vehicle  to  be  used  in  this  study  will  be  dimethylsulfcndde.  A  single 
set  of  vehicle  controls  will  be  used  for  all  concurrently  tested  test 

articles. 

123  Sterility  Controls 

The  most  concentrated  test  article  extract  dilution  and  S9  mix  will  be 
checked  for  sterility. 
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7.3  Exogenous  Metabolic  Activation 


Aroclor  1254-induced  hamster  liver  S9  will  be  used  as  the  metabolic 
activation  system.  The  S9  homogenate  will  be  prepared  from  male  Synan 
Golden  hamsters  with  a  single  intraperitoneal  injection  of  Aroclor  1254,  500 
mz/kSL  five  days  prior  to  sacrifice.  The  S9  will  be  batch  prepared  and  stored 
frozen  at  approximately  -70 °C  until  used.  Each  batch  of  S9  homogenate  will 
be  assayed  for  its  ability  to  metabolize  2-aminoanthracene  and 
7  1 2-dimcthylbcnzantbraccne  to  forms  mutagenic  to  S.  typhimwmm  TA10U. 


Immediately  prior  to  use.  the  S9  will  be  thawed  and  mixed  with  a  cofactor 
pool  to  contain  80%  S9  homogenate,  5  mM  ghicose^-pho^hate,  8  mM 
/3-nicotinamide-ad enine  dinudeotide  phosphate,  8  mM  MgC^  and  33  mM  KCi 
in  a  100  mM  phosphate  buffer  at  pH  7.4. 


7.4  Preparation  of  Tester  Strain 

Overnight  cultures  will  be  prepared  by  transferring  a  colony  of  the  tester 
strain  from  a  Master  Plate  to  a  flask  containing  25  ml  of  culture  medium.  To 
assure  that  cultures  were  harvested  in  late  log  phase,  the  length  of  incubation 
is  controlled  and  monitored.  At  the  end  of  the  working  day,  the  inoculated 
flask  is  placed  in  a  resting  shaker /incubator  at  room  temperature.  The 
shaker /incubator  is  programed  to  begin  shaking  at  approximately  100  rpm  at 
37±2°C  approximately  16  hours  before  the  anticipated  time  of  harvest 
Cultures  will  be  harvested  by  spectrophotometric  monitoring  of  culture 
turbidity  rather  than  by  duration  of  incubation.  A  2.0  ml  aliquot  of  the 
16-hour  culture  will  be  used  to  inoculate  8.0  ml  of  fresh  medium.  To  have 
sufficient  volume  of  culture  for  the  study,  it  may  be  necessary  to  inoculate 
multiple  flasks.  The  inoculated  flasks  will  be  placed  in  a  sbaker/incubator  for 
3  hours  at  approximately  100  rpm  and  37  i2°C.  At  the  end  of  the  3  hour 
incubation,  the  flasks  will  be  pooled  if  necessary,  the  culture  characterized 
and  then  used  in  the  assay. 


15  Test  System  Identification 

Each  plate  will  be  labeled  with  a  code  system  that  identifies  the  test  article, 
test  phase,  dose  level,  tester  strain  and  activation  type  as  described  in 
Microbiological  Associates’  Microbial  Mutagenesis  Standard  Operating 
Procedures. 


7.6  Test  Article  Extraction 


One  (1.0)  grams  of  the  test  article  and  1-5  ml  of  cyclohexane  will  be  mixed  in 
a  conical  glass  centrifuge  tube  and  vortexed  until  uniformly  suspended.  If  the 
test  article  is  not  extremely  viscous,  the  use  of  cyclohexane  will  be  excluded. 
Five  (5)  milliliters  of  DMSO  will  then  added  and  the  mixture  will  again  be 
vortexed  The  mixture  will  be  allowed  to  stand  at  room  temperature  for  5 
minutes  at  which  time  it  will  again  be  vortexed.  This  vortex/standing 
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procedure  will  be  repeated  5  additional  times  at  S  minute  mter^f-  JV 
mixture  will  then  be  centrifuged  for  10  minutes  at  1000  rpm  and  theDMSO 
layer  will  be  removed.  For  each  extract  in  which  cyclohexane  is  used,  the 
extract  will  be  heated  in  an  open  tube  at  37 ±2 °C  for  30  minutes  ^fore 
blowing  with  N2  for  1  to  2  minutes.  The  extract  may  be  stored  at  4  ±2  C 
untilneeded.  Unless  specified  otherwise,  test  article  extract  dilutions  will  be 
prepared  immediately  prior  to  use.  All  test  article  dosing  will  be  at  room 
temperature  under  yellow  light 


7.7  Treatment  of  Test  System 

One-half  (0.5)  milliliter  of  S9  mix  will  be  added  to  pre-heated  13  x  100  nun 
glass  culture  tubes.  To  these  tubes  will  be  added  100  #d  of  tester  strain  and 
50  ul  of  vehicle,  test  article  extract  dilution  or  positive  control.  After 
vortexing,  the  mixture  will  be  allowed  to  incubate  for  20±2  minutes  at 
37±2°C  with  shaking.  Two  milliliters  of  selective  top  agar  will  then  be  added 
to  each  tube  and  the  mixture  will  be  overlaid  onto  the  surface  of  25  ml  of 
Tptnimnl  bottom  agar.  After  the  overlay  has  solidified,  the  plates  will  be 
inverted  and  incubated  for  approximately  48  to  72  hours  at  37±2°C.  When 
necessary  to  achieve  the  target  concentration,  aliquots  of  other  than  50  (d  of 
test  article  extract/vehicle/positive  control  will  be  plated.  Plates  that  are  not 
counted  immediately  following  the  incubation  period  will  be  stored  at  4±2°C. 


7.8  Colony  Counting 

The  condition  of  the  bacterial  background  lawn  will  be  evaluated  for  evidence 
of  test  article  toxicity  and  precipitate.  Evidence  of  toxicity  will  be  scored 
relative  to  the  vehicle  control  plate  and  recorded  along  with  the  revertant 
count  for  that  plate. 

7.9  Tester  Strain  Verification 

On  the  day  of  use  in  the  mutagenicity  assay,  tester  strain  culture  will  be 
checked  for  the  following  genetic  markers: 

The  presence  of  the  rp.  wall  mutation  will  be  confirmed  by  demonstrating 
sensitivity  to  crystal  violet.  The  presence  of  the  uvrB  mutation  will  be 
confirmed  by  demonstrating  sensitivity  to  ultraviolet  light  The  presence  of 
the  pKMIOl  plasmid  will  be  confirmed  by  demonstrating  resistance  to 

ampidllin. 

8.0  CRITERIA  FOR  DETERMINATION  OF  A  VALID  TEST 

The  following  criteria  must  be  met  for  the  mutagenicity  assay  to  be  considered 
valid: 
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8.1  Tester  Strain  Integrity 

To  demonstrate  the  presence  of  the  rfi,  mutation,  the  tester  strain  cdture 
nLt  exhibit  sensitivity  to  crystal  violet  To  demonstrate 
uvrB  mutation,  the  tester  strain  culture  must  exhibit  jenanwly  m  ultrawlet 
light.  To  demonstrate  the  presence  of  the  pKMIOl  plasmid  R.factor,  the 
tester  strain  culture  must  exhibit  resistance  to  ampiallin. 

8.2  Spontaneous  Revertant  Background  Frequency 

Based  on  historical  control  data,  the  tester  strain  culture  must  exhibit  the 
characteristic  number  of  spontaneous  revertants  per  plate  in  the  vehicle 
controls.  The  mean  revertants  per  plate  must  be  within  the  inclusive  range  of 

20  -  60. 


83  Tester  Strain  Titers 

To  ensure  that  appropriate  numbers  of  bacteria  are  plated,  the  tester  strain 
culture  titer  must  be  equal  to  or  greater  than  03x11/  cells  per  milliliter. 

8.4  Positive  Control  Values 

Each  moan  positive  control  value  must  exhibit  at  least  a  three  fold  increase 
over  the  respective  mean  vehicle  control  value  for  each  tester  strain. 

8.5  Toxicity 

A  minimum  of  three  non-toxic  dose  levels  will  be  required  to  evaluate  assay 
data.  A  dose  level  is  considered  toxic  if  it  causes  a  >50%  reduction  in  the 
mean  number  of  revertants  per  plate  relative  to  the  mean  vehicle  control 
value  (this  reduction  must  be  accompanied  by  an  abrupt  dose-dependent  drop 
in  the  revertant  count)  or  a  reduction  in  the  background  lawn.  In  the  event 
that  fewer  than  three  non-toxic  dose  levels  are  achieved,  the  affected  portion 
of  the  assay  will  be  repeated  with  an  appropriate  change  in  dose  levels. 


9.0  EVALUATION  OF  TEST  RESULTS 

For  a  test  article  to  be  evaluated  positive,  it  must  cause  a  dose-related  increase  in 
the  mean  revertants  per  plate  of  at  least  one  tester  strain  with  a  minimum  of  two 
increasing  concentrations  of  test  article.  Data  sets  will  be  judged  positive  if  the 
increasein  mean  revertants  at  the  peak  of  the  dose  response  is  equal  to  or  greater 
than  two  times  the  mean  vehicle  control  value. 

In  addition,  on  each  positive  data  set  a  robust  nonlinear  regression  will  be 
performed  as  described  by  Myers  et  al.  (1981).  This  regression  analyse  generates  a 
slope  value  that  is  identified  as  the  Mutagenicity  Index  (MI)  and  it  has  been 
successfully  used  to  rank  samples  as  to  their  carcinogenic  potency.  A  correlation 
between  the  MI  and  number  of  tumors  in  vivo  has  been  established  and  MI  values 
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dS^rcsponse  is  obseivcd  but  the  maximum  increase  in  revertant  colony  countis 
less  than  two-fold  above  the  vehicle  control,  the  test  article  is  assigned  an  MI 
less  than  one  but  greater  than  zero.  If  the  standard  model  does  not  fit  the  curve, 
BUclAum  recommends  the  use  of  a  linear  model  to  determine  the  slope  of  the 
dose  response  curve  when  the  maximum  fold  increase  is  at  least  two-fold.  If  these 
data  are^und  to  have  a  significant  linear  relationship,  then  the  MI  is  the  slope  of 
the  predicted  dose-response  curve. 


10.0  REPORT 

A  report  of  the  results  of  this  study  will  be  prepared  by  the  Testing  Laboratory  and 
will  accurately  describe  all  methods  used  in  the  generation  and  analysis  of  data. 
Results  presented  will  include: 


•  bacterial  tester  strain  description 

•  test  conditions,  including  dose  levels  and  rationale  for  selection,  number  of 
plates  per  test  point,  toxicity,  media,  type  and  composition  of  metabolic 
activation  system,  treatment  procedures,  positive  and  negative  controls. 

•  individual  plate  counts 

•  mean  and  standard  deviation  of  revertant  colonies  per  plate 


dose  response  relationship,  if  applicable 


evaluation  of  results 
historical  control  values 


11.0  RECORDS  AND  ARCHIVES 

Upon  completion  of  the  final  report,  all  raw  data  and  reports  will  be  maintained  by 
die  Regulatory  Affairs  Unit  of  Microbiological  Associates  m  accordance  with  the 
relevant  Good  Laboratory  Practice  Regulations. 

12.0  REGULATORY  REQUIREMENTS/GOOD  LABORATORY  PRACTICE 

This  study  will  be  performed  in  compliance  with  the  provisions  of  the  Good 
Laboratory  Practice  Regulations  for  Noadinical  Laboratory  Studies. 

Will  this  study  be  submitted  to  a  regulatory  agency?  If  so,  to  which  agency 

or  agencies?  - - - - — - 
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Unless  arrangements  are  made  to  the  contrary,  unused  dosing  solutions  will  be 
disposed  of  following  administration  to  the  test  system  and  all  residual  test  article 
will  be  disposed  of  following  finalization  of  the  report. 
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Program  Statements 


Non-Linear  Model 


DATA  COUNTS; 

INFILE  ' D : \SAS\7- . DTA ' ; 

INPUT  X  Y; 

RUN; 

PROC  PRINT  DATA-COUNTS; 

LABEL  X-' Concentration' 

Y='Revertants ' ; 

PROC  NLIN  ITER=30  NOHALVE; 

PARMS  B=50  S=10  T-.001; 

BOUNDS  B>0,  S>0,  T>0; 

C-.ll;  D=1 . 62 ; 

E=EXP(-T*X) ;  U=B+S*X;  MEAN=U*E ; 

VAR  -  C*MEAN**D; 

A=1000 ; 

STDRES  -  (Y-MEAN)/SQRT(VAR) ; 

PSI— -A*(STDRES<-A)+STDRES* ( -A<=STDRES<=A)+A*(STDRES>A) ; 
IF  STDRES  NE  0  THEN  _WEIGHT_  =  PSI/(STDRES*VAR) ; 

ELSE  _WEIGHT_  =  1/VAR; 

MODEL  Y-MEAN; 

DER.B  =  E; 

DER.S  -  X*E; 

DER.T  -=  -MEAN*X; 

OUTPUT  PREDICTED  =  YHAT  PARMS=B  S  T; 

PROC  PRINT; 

PROC  PLOT; 

PLOT  YHAT*X= ' * '  Y*X/OVERLAY ; 

RUN; 


Linear  Model 


OPTIONS  NODATE  PAGESIZE=60  LINESIZE=78; 
DATA  COUNTS; 

INFILE  ' D : \SAS\7~ . DTA ' ; 

INPUT  TA  $  DOSE  REV; 

PROC  PRINT  DATA-COUNTS; 

TITLE  'SAS  Linear  Analysis'; 

PROC  GLM; 

BY  TA; 

MODEL  REV=DOSE  /  SSI; 

RUN; 
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SAS  Non-Linear  Analysis 


OBS 

TA 

DOSE 

REV 

1 

AG87 

60 

26 

2 

AG87 

60 

23 

3 

AG87 

60 

2A 

A 

AG87 

50 

23 

5 

AG87 

50 

27 

6 

AG87 

50 

18 

7 

AG87 

A0 

23 

8 

AG87 

A0 

26 

9 

AG87 

A0 

29 

10 

AG87 

30 

25 

11 

AG87 

30 

31 

12 

AG87 

30 

38 

13 

AG87 

20 

2A 

1A 

AG87 

20 

29 

15 

AGS  7 

20 

2A 

16 

AG87 

15 

27 

17 

AG87 

15 

33 

18 

AG87 

15 

38 

19 

AG87 

10 

18 

20 

AG87 

10 

23 

21 

AG87 

10 

35 

22 

AG87 

5 

27 

23 

AG87 

5 

33 

2A 

AG87 

5 

A5 

25 

AG87 

0 

27 

26 

AG87 

0 

27 

27 

AG87 

0 

2A 

28 

AG87A 

60 

61 

29 

AG87A 

60 

52 

30 

AG87A 

60 

6A 

31 

AG87A 

50 

77 

32 

AG87A 

50 

78 

33 

AG87A 

50 

85 

3A 

AG87A 

A0 

56 

35 

AG87A 

A0 

61 

36 

AG87A 

A0 

65 

37 

AG87A 

30 

53 

38 

AG87A 

30 

A3 

39 

AG87A 

30 

60 

AO 

AG87A 

20 

55 

A1 

AG87A 

20 

37 

A2 

AG87A 

20 

A8 

A3 

AG87A 

15 

29 

AA 

AG87A 

15 

22 

A5 

AG87A 

15 

30 

A6 

AG87A 

10 

29 

A7 

AG87A 

10 

29 

A8 

AG87A 

10 

19 

A9 

AG87A 

5 

36 

50 

AG87A 

5 

35 

51 

AG87A 

5 

28 

52 

AG87A 

0 

27 

53 

AG87A 

0 

27 

5A 

AG87A 

0 

2A 

55 

AG88 

60 

32 

56 

AG88 

60 

29 
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57 

AG88 

60 

29 

58 

AG88 

50 

17 

59 

AG88 

50 

25 

60 

AG88 

50 

25 

61 

AGS  8 

40 

22 

62 

AG88 

40 

24 

63 

AG88 

40 

27 

64 

AG88 

30 

31 

65 

AG88 

30 

23 

66 

AG68 

30 

24 

67 

AG88 

20 

25 

68 

AG88 

20 

29 

69 

AGS  8 

20 

24 

70 

AG88 

15 

18 

71 

AG88 

15 

22 

72 

AG88 

15 

29 

73 

AG88 

10 

28 

74 

AG88 

10 

28 

75 

AG88 

10 

25 

76 

AG88 

5 

21 

77 

AG88 

5 

32 

78 

AG88 

5 

33 

79 

AG88 

0 

27 

80 

AG88 

0 

27 

81 

AG88 

0 

24 
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SAS  Non-Linear  Analysis 


TA=AG87A 


Non-Linear  Least  Squares  Iterative  Phase 


Dependent 

Variable  REV 

Method:  Gauss-Newton 

Iter 

B 

S 

T 

Weighted  SS 

0 

50.000000 

10.000000 

0.001000 

1367.010725 

1 

26.066768 

0.580595 

0.000476 

74.262597 

2 

23.659931 

1.040676 

0.003622 

44.486326 

3 

24.619076 

0.819137 

0.000184 

43.060033 

4 

24.313624 

0.872277 

0.000715 

42.648388 

5 

24.407228 

0.853201 

0.000449 

42.647818 

6 

24.378567 

0.858550 

0.000518 

42.640202 

7 

24.387038 

0.856922 

0.000496 

42.641512 

8 

24.384510 

0.857403 

0.000503 

42.641047 

9 

24.385261 

0.857260 

0.000501 

42.641178 

10 

24.385038 

0.857302 

0.000501 

42.641139 

11 

24.385104 

0.857289 

0.000501 

42.641150 

12 

24.385084 

0.857293 

0.000501 

42.641147 

13 

24.385090 

0.857292 

0.000501 

42.641148 

14 

24.385088 

0.857292 

0.000501 

42.641147 

NOTE:  Convergence  criterion  met. 


Non-Linear  Least  Squares  Summary  Statistics 


Dependent  Variable  REV 


Source 

DF 

Weighted  SS 

Weighted  MS 

Regression 

3 

1032.0977921 

344.0325974 

Residual 

24 

42.6411475 

1.7767145 

Uncorrected 

Total 

27 

1074.7389396 

(Corrected 

Total) 

26 

162.0158588 

Parameter 

Estimate 

Asymptotic 

Std.  Error 

Asymptotic  95  Z 
Confidence  Interval 

Lower  Upper 

B  24.38508847  2.8037889278  18.598399140  30.171777810 
S  0.85729241  0.4772841105  -0.127765649  1.842350464 
T  0.00050109  0.0068555374  -0.013647928  0.014650112 


Corr 


Asymptotic  Correlation  Matrix 
B  S 


B  1  -0.692247933 
S  -0.692247933  1 
T  -0.587193914  0.976765853 


-0.587193914 

0.976765853 

1 
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SAS  Linear  Analysis 


. . TA**AG87  - 

General  Linear  Models  Procedure 
Number  of  observations  in  by  group  *  27 


Dependent  Variable:  REV 


Source 

DF 

Sum  of 
Squares 

Mean 

Square 

F 

Value 

Pr  >  F 

Model 

1 

110.9400000 

110.9400000 

3.18 

0.0865 

Error 

25 

871.0600000 

34.8424000 

Corrected  Total 

26 

982.0000000 

R-Square 

c.v. 

Root  MSE 

REV  Mean 

0.112974 

21.33522 

5.902745 

27.6666667 

Source 

DF 

Type  I  SS 

Mean  Square 

F 

Value 

Pr  >  F 

DOSE 

1 

110.9400000 

110.9400000 

3.18 

0.0865 

T  for  HO:  Pr  >  |T|  Std  Error  of 

Parameter  Estimate  Parameter-0  Estimate 

INTERCEPT  30 . 30400000  16.26  0.0001  1.86412143 

DOSE  -0.10320000  -1.78  0.0865  0.05783485 
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SAS  Linear  Analysis 


Dependent 

Source 

Model 

Error 

Corrected 


Source 

DOSE 

Parameter 

INTERCEPT 

DOSE 


TA-AG88 


General  Linear  Models  Procedure 


Number  of  observations  in  by  group  =  27 


Variable:  REV 

Sum  of 

Mean 

DF 

Squares 

Square 

F 

Value 

Pr  >  F 

1 

0.18491852 

0.18491852 

0.01 

0.9176 

25 

423.66693333 

16.94667733 

Total  26 

423.85185185 

R-Square 

C.V. 

Root  MSE 

REV  Mean 

0.000436 

15.87845 

4.116634 

25.9259259 

DF 

Type  I  SS 

Mean  Square 

F 

Value 

Pr  >  F 

1 

0.18491852 

0.18491852 

0.01 

0.9176 

Estimate 

T  for  HO: 
Parameter=0 

Pr  >  |  T  | 

Std  Error  of 
Estimate 

26.03360000 

20.02 

0.0001 

1.30005716 

-0.00421333 

i 

o 

»-* 

o 

0.9176 

0.04033461 
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PARSONS  ENGINEERING  SCIENCE,  INC. 


INTEROFFICE  CORRESPONDENCE 

TO:  Bruce  Cox,  St.  Louis  DATE:  03/18/95 

FROM:  Barb  Percoulis  $  PHONE:  (810)  433-2700  LOCATION:  Detroit  (051) 

SUBJECT:  Review  of  Fog  Oil  Smoke  Data  -  VOCs/PAHs  Blank  Corrections  Only. 


The  VOCs  results  were  qualified  due  to  trip  blank  contamination.  There  was  no  method  blank 
provided  for  VOCs. 

The  PAH  results  were  qualified  due  to  field  and  lab  blank  contamination. 

For  both  sets  of  data,  values  were  "struck  out"  if  they  were  less  than  five  times  the  value  in  the 
associated  blank.  Since  no  PRLs  (Project  Reporting  Limit)  were  provided,  no  values  could  be  put  in 
for  the  non-detects.  Please  note  that  the  non-detects  are  not  considered  to  be  "zero"  (0). 


cc:  Bill  Bradford,  Syracuse 


OTYM-M  FOGSMOKE.DOC 
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Peak  28  •»  unknowns 
Peak  29  -•  dimethyl  adamanlane 
Peak  30  -  -  dimethyl  adamanlanc 
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Table  12.  Concentrations  of  PAHs  For  Tests  Ml  and  M2 


Oiou/FUld  TD-, 

Ssnple#]7, 

sw»pi««i7. 

Sample  #14, 

S«pfc#l4> 

North  Slope  Crude 

BOS  Sample  ID: 

Laboratory  Mamt  Blink* 

Laboratory  Matrix  Blank 

* 

Farid  Blank 

Field  Black 

TD70 

TO70 

77367 

TD67 

TWG7NSC 

Batch  2D: 

Mmc 

04-033 

OO 

94-033 

09 

54-033 

09 

54-033 

oa 

54-033 

09 

tarmpim  Weight  (ro*,  tA  wright) 

1.00 

1.00 

1.00 

LOO 

5.09 

SWkVoh m~&) 

CM 

13.1 

t3.l 

HI 

NA 

Dflutioo: 

1.01 

1.01 

1.01 

L01 

1.00 

Reporting  Unit: 

a*tai3* 

mfftf  o3 

ugfrn3* 

mgOcg  o9 

Reporting  Limit: 

5  mp4* 

Smgfkg 

5m**g 

Dccahn 

30 

B 

0.47 

B 

31  B 

hit  B 

470 

Cltfewfeu 

52 

B 

0.62 

B 

ND 

ND 

1100 

C2tkiRni 

ND 

ND 

ND 

ND 

1400 

C3-dacafiaa 

ND 

ND 

ND 

ND 

too 

C4~dceafaa 

M3 

ND 

ND 

M3 

320 

Bou»[b]OtiopfwM 

ND 

ND 

ND 

ND 

M3 

Cl  -hcnjoCb^ihioph — 

ND 

ND 

ND 

ND 

ND 

C2  b  ■  nm[b]thiophcnc» 

ND 

ND 

ND 

ND 

ND 

C3~bcnso{b]thfc)pha>e* 

ND 

ND 

ND 

ND 

ND 

C4^«nao[b]i)tiophcn«B 

ND 

ND 

ND 

ND 

M3 

Naphthalene 

76 

B 

0.91 

B 

64  B 

-05*9-  B 

770 

Cl-tt^rfnhaicncB 

21 

B 

0.25 

B 

16  B 

air-  b 

1300 

C2-naph<halatej 

11 

B 

0L22 

B 

ND 

ND 

1700 

C3-mpfxhiknca 

M3 

ND 

ND 

M3 

1100 

C4-fttphrtnlrr»n 

M3 

ND 

ND 

ND 

510 

Biphenyl 

ND 

ND 

ND 

ND 

310 

Aoctuphthytae 

ND 

ND 

ND 

ND 

M3 

jto  naphthene 

ND 

- 

ND 

ND 

ND 

14 

DibcmoAnn 

11 

B 

0.13 

B 

ND 

ND 

62 

FHiornvt 

10 

B 

0.12 

B 

ND 

ND 

100 

Cl-fluorcam 

ND 

ND 

ND 

ND 

230 

C24haoveoei 

M3 

ND 

ND 

ND 

300 

O-fhaonmoi 

ND 

ND 

ND 

ND 

320 

Anthracene 

ND 

ND 

ND 

ND 

14 

Pbcoantfarcne 

47 

B 

0.56 

B 

32  B 

■»i»  B 

290 

ND 

ND 

ND 

ND 

630 

Q^plwMtiwatfatincoa 

ND 

ND 

ND 

ND 

700 

O^heaiidRoaMBMaKi 

ND 

ND 

ND 

ND 

460 

C4  jdi<  liMiilin  im  j/oifhi  bino 

ND 

ND 

ND 

ND 

230 

DibcnapOtiOphcnc 

ND 

ND 

ND 

ND 

220 

Cl«d5benmthlophrpci 

ND 

ND 

ND 

ND 

300 

O^BaapOiapk  m  i 

ND 

ND 

ND 

M3 

440 

Otiftauptfwytanci 

ND 

ND 

ND 

ND 

440 

FJuoneUheoe 

ND 

ND 

ND 

ND 

3.1 

ryruM 

ND 

ND 

ND 

ND 

11 

Cl-flnoramhcnrpfryTcnra 

ND 

ND 

ND 

ND 

46 

C2-fluorpp 1 1  in  ■ 

ND 

ND 

ND 

ND 

120 

CMuenBkcno/pTmNi 

ND 

ND 

ND 

ND 

140 

Bari(a)*ftibnc£nc 

ND 

ND 

ND 

ND 

ND 

OwyMSHT 

ND 

ND 

ND 

ND 

22 

Cl-chryMM* 

ND 

ND 

ND 

ND 

13 

C2<chryscoci 

ND 

ND 

ND 

ND 

120 

G-chryicnca 

ND 

ND 

ND 

ND 

77 

C4-chry»eooi 

ND 

ND 

ND 

ND 

41 

Benaofb^ocrxmhcw; 

ND 

ND 

ND 

ND 

6.7 

Pcnaa(k)flttanwthcw 

ND 

ND 

ND 

ND 

ND 

Bmp(«)p)fnw 

ND 

ND 

ND 

ND 

12 

BcnzD(a)prr>o« 

ND 

ND 

ND 

ND 

ND 

Pcqtoe 

ND 

ND 

ND 

ND 

ND 

Jiul«M(lA>Sd)py7eiM 

ND 

ND 

ND 

ND 

ND 

rfteinfi  h)nfnrr  nr 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

3.5 

Total  PaH 

270 

JJ 

140 

1.7 

16000 

2-mcthyfaaphtfiakna 

21 

B 

0L25 

B 

15  B 

-RIO—  B 

NM 

1-mcOyhwphthikne 

10 

B 

0.12 

B 

13  B 

440  B 

NM 

Z6^nw<byfaaptrthak* 

5.4 

B 

044* 

B 

ND 

M3 

NM 

23,  3»  xin^ytuaphdiairnc 

ND 

ND 

ND 

ND 

NM 

1-methyipbenamhnma 

ND 

ND 

ND 

ND 

NM 

*  Airanv  a3  weight  of  1.00  Bg, 

*  Avenge  of  14  aampk  wMimi  -  13,1  cnbk  rotter*. 

B,  L*bvr*UMy/XAD~2  cMOmhanl  k  major  conrfcutor  io  analyte  concentration. 

J,  conocendon  below  reporting  Emit  (5  mf/kg). 

NM,  not  measured  pa  umplt. 


Qxfe)  J=^f  rn3 

<LGUULC3jloI  fen 


(XJJ.  $  0^  Qzaji&jJUo 
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Table  12.  Continued,  Concentration!  of  PAHs  For  Tests  #1  and  #2 


Chau/YkUi  ED: 

T«*t  1 

Sample!!, 

Dm.  IS.  199! 

Reformat  far  T< 

BOS  Sample  ID: 

TD7I-1 

TD39 

Batch  ID: 

96-027 

96-033 

Mm c 

02 

oa 

Sample  Weight  (mg  ofl  wcighi) 

55.20 

L10 

Sample  VoJwne  (L) 

NA 

704 

tXkriom: 

10.00 

L01 

liptrini  Unit: 

«*ftgoa 

ingrtgo* 

Repo nmgUrak: 

Smart* 

5mart* 

Sample  *5. 

VUfmtcc  for  Ted  II 
TD59 

oa 

1.10 

704 

1.01 

ug/mJ 


Decafin 

Cl-dccaliru 

CXdecafc* 

Bovsp{b]  thiophene 

C 1  AwnaoTb jOpophcaa 

C2-fc*neo(b]ihioph£&«i 

C3-bcti2D{bjthtopher>» 

ri  fcmwftjihirphrnw 

Naphdukne 

Cltupfatfufesa 

C2^uph0uioies 

O-naphihakoca 

Cl~napluhakac* 

Bipbcnyl 

Acenaphthylene 

Aeerwphihaoa 

Dfomeailm 

FKaorcnc 

Cl-dvonmaa 

C2-0uar*n*» 

C3-flttorc&o 

Aflihneoie 

Phanwlwne 

Cl-yhdtrtw  n— /wirtii  wnt« 
Cl  pfemMWhrtnW— <hra<  mum 


C3-^focTiza*hitrph*rm 

fbwirtmw 

Pyrene 

Cl-/KuwniSw/pytw 

Q^fluonodna/pyivna 

CytoarmUbmuajpynom 

Benz{a)Mufcmcai« 

Owyiene 

Cl-chryieaaai 

C2-chryacoca 

C3-chry*rnci 

Ctchryicao 

Bc&2D(b)flaonBrthcno 

B«ax<k)du0mda«Bc 

fiwM^fjppUM 

B«aa<a)pyrcM 
Iadesa<l#2»3-6»  d)pyn;a6 

D«ben^a,h>aftihniccac 

Bcn2o(i^0peo1eac 

Total  PAK 


11 

22 

19 

24 

78 

ND 

160 

ND 

140 

ND 

L7 

J 

ND 

X! 

J 

ND 

12 

ND 

26 

ND 

St 

ND 

11 

71 

75 

11 

240 

14 

370 

ND 

430 

ND 

54 

1.6 

ND 

ND 

4.1  • 

J 

5.5 

L7 

J 

9.8 

17 

11 

19 

ND 

490 

ND 

1100 

ND 

ND 

ND 

89 

60 

520 

10 

1000 

ND 

1100 

ND 

640 

ND 

150 

6.4 

970 

ND 

2400 

ND 

2800 

ND 

7.0 

17 

11 

A6 

U 

ND 

700 

ND 

290 

ND 

ND 

ND 

4t 

ND 

fl 

ND 

120 

ND 

fl 

ND 

ND 

ND 

6.7 

ND 

ND 

ND 

O 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

14000 

280 

B 

B 


B 

B 

B 


J 

B 

B 


B 


J 


ItMhytMpMiafoM  M 

1  nwiiifiriiphrtiilrnr 

XMmcdtyfcupItihaioH  « 

2y3,5snn>ciiyiMphtfulttc  ® 

lnnc*hylphcna«mrcac  140 


1!  B 

11  B 

5.2  B 

ND 

LI  J 


B,  Lrf»rmyXAD-2 


ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 


ND 

ND 

0.072 

ND 

0.087 

at*- 

-«7r 

ND 

ND 

ND 

ND 


0J6 

ND 

ND 

NO 


0.10 

ND 

ND 

ND 

0.27 

0.072 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 


4.4 


‘TJLJU  “ 

-o.ir 

o.wr 

ND 

0.029 


B 

B 


B 

B 

B 


B 

B 


B 


\J/v- 

YUoul*  jurvu* 

b  jjifAjaUJl  J&  A+fu*J~ 

ifyjL/<. UJUxJ  . 


@008 


03/18/96  15:02 

©810  433  0834 

Parsons 

Table  12*  Continued,  Concentrations  of  PAHj  For  Tests  #1  and  M2 


Oktu/FUd  ZD; 

BOS  Sample  ID: 
fiMdtZD: 

Mikk 

tayto  W«tghi(m*.  ofl 
S Jfnpfc  Vnfcror  (L) 
DDuaoa: 

Reporting  Unit: 
Reponnn  Lmc 

DeoUxn 

Cl-4etatini 


BcxXo(b}d»ophcM 

Cl+amfrjibiephc*** 

eZ-beazofbyUapkaom 

O~b«nzz^)t>»opfccnc* 

C4~Uax^)duopbaaa 

Kipiirtijimr 

CHUfrfubakoc. 

C2«naphthiicma 

CS-auphlhaieftfla 

Ct-Kaphtfufenc* 

tv  i.  ,...  -f 

uyKOji 

AcetupWrylcuc 

Aftciwphtfw* 

Dibcntefum 


OOnorcno 

O-Ouorena 

Anthracene 

Ci"ptacojpdutm.^Mi*tyirrnri 

ea^bctMBflgtnc^Bdgaccaq 

O-pfccnxufareocsfochraccDci 

C4>pa<nw>ihrea<^iato6qMi 


Cl^tfhCTTPthiophfna 

C2«d3>caapddephcnei 

Q-dibmpOmyptoq 

FluanndMM 

Pyrene 

Cl-AuraOtcM/ipyrna 

C24iMBB«toa^inng 

O-OiMXatrtheacB^yrenci 

Bmz(j)xnlfanccDc 

Chrym* 

Cl-ch ryacaea 

C2'chry>caa 

O^fafTMMS 

C4~ct«7mai 

Bcnan(b>fliww>tfift>r 

BausOOflunaOwM 

Bcnna<c)|7rMc 

&cn*a(a)pynm« 

Parylcna 

l»dcao(lA>e>Opy^n* 

Dib<n4*>h)nhr»ccnc 

Bat»(fclM)payknc 

Total  PAH 

l-wthykyidbhB m 
1-nwthytnapWwkpa 
2,6-<&TU(faylnjpbdudc»c 
2,3, 5-a-pnrtJiytotpMi  lime 
iHpahylphtw  ■  nth nrm 


Sampks7, 

*Mw&*rr, 

Sample  ft, 

Sample  ft. 

TeMll,  11  m 

Tot  SI,  11  m 

T«*f  1,11m 

Tamil,  11m 

TD61 

TD6I 

TO62 

TDC 

96-033 

96-033 

96-033 

96-033 

oa 

oa 

oa 

OB 

41.40 

it.  40 

41.40 

4S.40 

71.7 

71_7 

613 

61.3 

1X1 

1.01 

1X1 

LOl 

-#*«<* 

*ffai3 

«6/vgoa 

5m**a 

11 

7.7 

7.1 

53 

21 

19 

21 

15 

140 

95 

91 

69 

230 

160 

190 

130 

210 

140 

170 

120 

2.1  J 

L4 

26 

J 

1.9 

4J  J 

29 

ND 

ND 

15 

9.S 

13 

9.0 

47 

32 

33 

24 

a 

43 

St 

62 

45 

44 

42 

30 

110 

76 

74 

52 

320 

220 

260 

110 

540 

360 

440 

310 

440 

310 

550 

390 

1.7 

5.9 

63 

4.4 

ND 

ND 

0.64 

T 

0.45 

4.7 

*.J 

5,1 

3.6 

13  J 

22 

2J 

J 

1.6 

22 

15 

21 

15 

15 

57 

110 

71 

320 

220 

410 

290 

1 30 

600 

970 

690 

ND 

ND 

$5 

<7 

120 

79 

19 

63 

470 

310 

3S0 

270 

1100 

740 

720 

510 

900 

<10 

S20 

sto 

520 

350 

500 

350 

ISO 

120 

170 

120 

•60 

5S0 

650 

460 

2000 

1S00 

1700 

1200 

2500 

1700 

1100 

1300 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

110 

71 

IS 

60 

ISO 

120 

130 

S9 

270 

ISO 

170 

120 

ND 

ND 

ND 

ND 

43 

29 

29 

20 

72 

41 

43 

30 

120 

71 

57 

40 

100 

67 

51 

36 

31 

21 

ND 

ND 

U 

S.5 

27 

J 

1.9 

ND 

ND 

ND 

ND 

1.3 

5.6 

26 

J 

l,s 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.0  J 

I.J 

ND 

ND 

14000 

9KW 

11000 

7100 

100 

67 

65 

46 

100 

69 

66 

47 

77 

52 

51 

41 

S2 

56 

St 

62 

S3 

57 

92 

65 

B,  I^boraioryXAl>2  «■ u*sun*m  a  major  oofuritmor  to  xrulyto  coneenmioo. 
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Table  12.  Continued,  Concentration!  of  PAHs  For  Tests  and  #2 


CSaU^eUID: 

Sample  #10, 

SampM  *10, 

Sample  *13. 

Sampk  *13. 

Sample  *15. 

Tam  f  1, 23  m 

Tort  *1, 25  m 

Tear  *1,  25  m 

Taat  *1,  25  m 

T-t  *1,200* 

DOS  Sample  ZD: 

TW4 

TD64 

TD66 

TO 66 

TOSS 

Baich  ID; 

96-033 

96032 

96033 

96033 

96033 

Macro: 

os 

oa 

OQ 

oa 

03 

Sample  Weight  (m^  oil  might) 

3.40 

3.60 

070 

0.70 

0.20 

Sample  Volwna  (L) 

92.1 

923 

23.2 

23.2 

93.2 

Dihmoo: 

L01 

L01 

L01 

1.0  L 

1.01 

Reportwt  Unit: 

np^god 

t>g/m3 

mpVgoO 

•f^m3 

mgtaoO 

RcpOTBHB  Limk: 

5  mw/\t 

5mfkg 

DmQM&t 

14  B 

8^^  B 

69 

B 

B 

ND 

rt  rh-rtfnT 

27  B 

4.9^  B 

99 

B 

"3.0— 

B 

KD 

C2-rfmrfna 

140 

5.5 

KD 

KD 

KD 

C3Hkufiai 

200 

11 

KD 

KD 

KD 

ChMio 

700 

7.9 

ND 

KD 

KD 

BcaasfbjcUopbcne 

KD 

ND 

KD 

KD 

KD 

Cl»bm»(b]darylicag 

7.1 

0^1 

22 

0.65 

KD 

C2^xnao{h)thiophcnca 

U 

0.44 

ND 

ND 

KD 

C3~b«AJD(bJd6ophcMi 

25 

0.96 

27 

a  u 

KD 

C4-hc&3DCb]ttBopbonm 

64 

26 

65 

2.0 

ND 

N^hthaiena 

67 

"*■  IS"’ 

no 

B 

5-3 

B 

390 

Clmaptufeafcoo 

II 

3.4 

100 

3.0 

120 

O-naphihaicoca 

210 

1.2 

160 

4.9 

200 

O-mphthaimn 

310 

15 

290 

1.6 

190 

C4^ttphdukao 

470 

11 

530 

26 

150 

Biphenyl 

7.2 

OJl 

11 

0.33 

KD 

Aostapbcfayfcskc 

KD 

KD 

ND 

KD 

KD 

Acenapfathcpc 

62 

0.24 

14 

B 

0.42 

B 

ND 

Dibeazoflaran 

4.9  7 

-MT 

*  14  * 

fi 

— *4.4i 

B 

KD 

Huonma 

21 

0.0 

23 

0.71 

KD 

Cl~£h»or*naa 

100 

4.0 

120 

3$ 

33 

C24h*xt»ci 

570 

22 

$70 

17 

230 

O-fiuorcnea 

1200 

44 

1500 

45 

610 

Anthracene 

KD 

KD 

KD 

KD 

ND 

Phcnandvene 

no 

4.4 

160 

B 

4.9 

B 

190 

920 

20 

7ia 

21 

270 

PI  jilMiiniilmaee'wwtii  e  i  iw  1 

1100 

43 

1500 

45 

990 

O-pfacamihrc  nra/anitiraccpci 

1100 

44 

1300 

40 

690 

C4^gMPthr>nee/anrtirarrTir» 

650 

25 

rzo 

25 

400 

150 

CO 

lto 

5.3 

49 

Cl-dhenaAlppkna 

1000 

40 

1200 

37 

320 

CZ'^SbcmZDtfiiophenci 

2600 

99 

3300 

91 

1300 

q  itf  n  MTrrhinfihmre 

3000 

120 

3600 

no 

1 4D0 

Fluemifhcnc 

11 

042 

36 

Li 

ND 

fyme 

19 

073 

27 

at 

ND 

C  l-floorvithauu^pyrcuca 

97 

3.1 

120 

3.7 

KD 

C2-5wn»Uhepe*/pyro>ca 

210 

».l 

290 

1.5 

KD 

O-ikisrinBienea/pyTcace 

270 

10 

130 

10 

ND 

Be*^*)aurfncaie 

KD 

KD 

KD 

KD 

ND 

Chryeeoa 

39 

1.9 

40 

L2 

ND 

CI*<hry'enc> 

51 

23 

79 

24 

KD 

C2<ftry*enc* 

17 

3.4 

no 

3.4 

ND 

CXtoyacnei 

63 

25 

KD 

ND 

ND 

C4-cft/yia»ca 

ND 

KD 

ND 

KD 

ND 

Benxe(b)ataann0Mae 

4.9  J 

0.19 

KD 

KD 

KD 

Baus(k)0Dcnn<beM 

ND 

KD 

KD 

KD 

KD 

Benzxj(c)pyrcoc 

5.0 

020 

KD 

KD 

ND 

Bcnaa(a)pyvcn* 

KD 

KD 

ND 

KD 

KD 

Pcrykae 

Lt  J 

0069 

ND 

ND 

KD 

Indeac<lt2><rf>pyr«c 

KD 

KD 

KD 

KD 

KD 

UK 

Deben4a,h>n(hr»ccT>c 

KD 

KD 

KD 

KD 

NU 

UK 

Ben2D(&tMlpcxyknc 

KD 

KD 

KD 

KD 

NU 

Total  PAH 

15000 

510 

19000 

530 

7700 

2-mc<fcyfa^bdiak&a 

90 

3.1 

99 

3.0 

320 

■1 

l^mtfv>%uphthaleoe 

73 

2.9 

79 

24 

•j 

<c 

ZtS-dkwcfhyfciiphdiMlma 

at 

2.9 

37 

1.1 

24,5-oroeUiytrtphihaIeoe 

69 

2.6 

59 

1.7 

63 

1  -mcthyipbcnandSTtnc 

170 

6-6 

220 

6.3 

B,  Labor* tofT/XAD-2  ccmt*niftan<  »  major  tumffvbuior  10  analyte  coocatttation. 
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Table  12 .  Continued,  Concentration*  of  PAUs  For  Teitt  #  1  and  #2 


OientfkUZD: 

Sample  f  13, 

S^pIcfT, 

Sample  62, 

Teal  91, 2004  m 

Tot  f  K  200*  m 

Tat  51, 200*  m 

BOS  Sample  ID: 

TD64 

TO56 

TD  56 

Batch  ZD: 

964133 

96-033 

56-033 

Meofar 

oa 

oa 

oa 

Sample  Weight  (ffg  ei  weight) 

ojo 

OJ0 

0.20 

Sample  Volume  (L) 

93.2 

«9.1 

19.1 

Dfluckxu 

1.01 

L01 

L01 

Reporting  Unac 

m*k go* 

itg/mJ 

Reporting  Limit 

Decafin 

ND 

91 

fi 

— *r<r 

CHJacefaia 

ND 

ND 

ND 

C2<4eufaa 

ND 

ND 

ND 

C3~dccain* 

ND 

ND 

ND 

C4-dfleafcu 

ND 

ND 

ND 

Beatco(h]0ttopbaw 

ND 

ND 

ND 

Cl-ben»{h)66op*»M 

ND 

ND 

ND 

Cl  *bcnS»{h]iMopheacs 

ND 

ND 

ND 

Cl-he9iJo{b]thaopbcaa 

ND 

ND 

ND 

Cl  -banm{b]da»ophcDca 

ND 

ND 

ND 

NapMiakac 

U.IJ  B 

340 

B 

-O.TT 

Cl-oaphtftakaea 

0.1T*  B 

130 

B 

*434- 

C2fuph4ttfcsca 

0.43 

no 

-».-42 

C3<uphihi[ctci 

0.41 

no 

0.24 

CLo  aphtha!  mri 

0J3 

100 

0^3 

Biphenyl 

ND 

22 

0.049 

Acmaphthyfcnc 

ND 

ND 

ND 

Acenapfa  thene 

ND 

24 

0.054 

Dibouofarvn 

ND 

41 

B 

~o.wr~ 

Fluorcne 

ND 

46 

B 

— <u*— 

Cl-fluortoca 

0.071 

33 

0.074 

C2'0uorence 

0.49 

no 

0.40 

C3*£Kiorcnca 

U 

570 

1J 

Anthracene 

ND 

ND 

ND 

Phenatthrenc 

0.40  B 

220 

B 

— *70— 

Cl'phenaadsencv'aoihnccaci 

0.59 

240 

0.53 

O-phaunivtam'aBfhnccno 

2.1 

740 

L7 

a*phcnas0vcnc^m6nccno 

1.5 

410 

LI 

C4"ptow«hrrmVm(faiccn<« 

0.16 

290 

0.64 

Dibaupthiopbcpe 

0.10 

54 

0.12 

ClntbcnipOuepbeom 

a.70 

310 

0.69 

it 

1000 

23 

a^SbexoDctiiopbcnea 

3.4 

1200 

17 

Fluoranthene 

ND 

56 

0.22 

Pyrene 

ND 

32 

04)73 

Cl-BuocMfhena^pyraKS 

ND 

ND 

ND 

C2-0uoran<heaa^yren0 

ND 

ND 

ND 

ND 

ND 

ND 

Beru(a)anfcrac«nc 

ND 

ND 

ND 

Chrjriw 

ND 

ND 

ND 

Cl-chryienee 

ND 

ND 

ND 

C2-drfymnci 

ND 

ND 

ND 

C3<hryMno 

ND 

ND 

ND 

C4~ctaryacnm 

ND 

ND 

ND 

ND 

ND 

ND 

Bense(k)fiuorvitheoe 

ND 

ND 

ND 

Bcnxo(e)pyrcae 

ND 

ND 

0 

Bc&2s(i)pjm»c 

ND 

ND 

0 

Paykoe 

ND 

ND 

ND 

IodeaoCia^^nrittie 

ND 

ND 

ND 

Dtett^a^hlmdracpc 

ND 

MD 

ND 

BmzofefajQpciylcac 

ND 

ND 

ND 

Total  PAH 

17 

6500 

IS 

2  ■mcnyhipliirim 

120 

tur 

1-raatfcytoftphtfufcn* 

•out* 

75 

*4tTT* 

2.  Mnwtyh^hih atone 

42 

0  004- 

2,3,5-ttimcthyinaphihiIaw 

0.073 

23 

0.053 

1-mahytphcBJmhrcnc 

0.14 

61 

034 

Toil 

Dec.  14,  1W 
TD72-I 
96*027 

oa 

51.20 
NA 
10.00 
mgftg  <d 


7.4 

24 

03 

140 

150 

1.7  J 

5.1 
11 
26 
31 
42 
74 
250 
390 
470 
6A 
ND 
5.1 

1.6  J 

It 

93 

490 

1200 

ND 

91 

530 

1100 

1100 

710 

150 

960 

2400 

2700 

5.7 
If 
100 
200 
2S0 
ND 
50 
90 
120 
99 
ND 
1.3 
ND 
n 

ND 

ND 

ND 

ND 

ND 

14000 

61 

69 

52 

71 

150 


B.  Laboratmy/XAD-2  eoaiaimiuot  tf  major  cocmbutof  to  analyte  c 


Sample  #9, 

Xcfcnacc  lor  Tat  92 
TD63 
96*032 
Oil 
0.10 
763 
1.01 

5mg/J* 

ND 
ND 
ND 
ND 
ND 
ND 
7.4 
NO 
ND 
ND 
t3 
23 
31 
ND 
ND 
ND 
ND 
11 

13 

14 
ND 
ND 
ND 
ND 

61  B 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
13 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
NO 
ND 
ND 

260 

26 

16 

9.7 

ND 

ND 


(Q  pa  PI  fQ  (q 
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Tabic  12,  Continued,  Concentrations  of  PAH*  For  Tests  #1  and  #2 


Oinki/PitiA  ID: 

Imitple  99, 

SnpleS], 

Sample  61. 

Sample  14, 

s-ipun, 

JU&m»e*ferT«t92 

Tort  #2,  MX  m 

To*  *2,  l/2n» 

Tc*  #2,  ]/2m 

Toe  #2,  1/2 1 

BOS  5*npfc  ID: 

TD63 

TD55-D 

TD54-D 

TD51-D 

TD5S-D 

Bocdi  ID: 

Si-033 

Si-033 

96-033 

96-033 

96-033 

Mania: 

oa 

oa 

OS 

oa 

oa 

Smi^pla  Weight  (an*.  ofl  ftrctfhO 

0.10 

u^o 

14.60 

15.60 

15.60 

Sample  Voh*n*  (L) 

76.3 

11.0 

11.0 

6.2 

6.2 

DBurion: 

LOI 

20.00 

20.00 

20.00 

2a  oo 

Repo rtmg  Unfc 

«a%i3 

maftcri 

*9to3 

v**Vc  oil 

Df/mJ 

Kcponiit|liaiC 

Sng^cg 

iDlgftl 

IWjC*i 

HD 

26 

130 

35 

410 

CI-dcc*frw 

HD 

31 

240 

79 

1100 

CS-decoiine 

HD 

120 

190 

240 

1900 

CWecoixna 

HD 

190 

1500 

130 

1100 

CMttlliM 

HD 

260 

1200 

120 

1700 

Benzo[b]th»ophcne 

HD 

6.1 

47 

5.6 

77 

Cl  *^oaoO)U»opi>«»<a 

0.071 

17 

130 

16 

220 

C2-b€nao[b}lhlophcpq 

HD 

21 

210 

24 

330 

CS-benzDOjtfatophencs 

HD 

45 

350 

40 

560 

C4-benzo£b}thiophmei 

HD 

93 

730 

75 

1000 

Nophduim 

o.r? 

B 

140 

1100 

160 

2200 

Cl-appfrfhilnve 

B 

ISO 

1100 

ISO 

2100 

O-tiaphthaknc* 

-033* 

B 

300 

2300 

250 

3500 

£2=aip&3iilcaci 

m 

m 

fcOO 

2*0 

$200 

Btphcnjrf 

HD 

9,7 

75 

9.5 

130 

AccnxphtfryWM 

HD 

45 

340 

43 

600 

Accrttphihcnc 

0.12 

13 

100 

12 

160 

DVbnzofom 

B 

J.4 

42 

3.C 

69 

Fluomte 

o.w- 

B 

66 

510 

55 

760 

Cl-OuoroMi 

HD 

ISO 

1400 

150 

2100 

C2-fluorcoci 

HD 

660 

5000 

560 

7100 

O-daortaci 

HD 

1500 

12000 

1300 

17000 

Anthracene 

HD 

31 

240 

13 

460 

Pbcnantfvc&c 

-Ai4— 

B 

170 

1300 

160 

2200 

Cl -pfecsflUhrcsa/Mincnia 

HD 

750 

5100 

650 

1900 

C2^baundvii>«a/«Mfanccnei 

HD 

1200 

WO 

1100 

15000 

O-pbcnar^ttescefraifcrieeacs 

HD 

1300 

10000 

1200 

16000 

C4-yhrn*rtthrcM»Whr*rcT>q 

HD 

760 

5100 

700 

9600 

Dfbcamfaaopheae 

HD 

220 

1700 

ISO 

2500 

CI^SbcnZMhtOphervn 

HD 

1300 

9600 

1100 

15ooo 

C2^boittSMphttfii 

HD 

2100 

22000 

2400 

34000 

CMfNntfrfhtfphcwi 

HD 

3500 

27000 

3000 

41000 

Fhionvuheac 

0.14 

23 

110 

20 

210 

Pymto 

HD 

41 

370 

39 

540 

C 1 4wtawlwnM^aw»>tt 

HD 

130 

910 

lM 

2500 

HD 

2S0 

2100 

250 

350 0 

HD 

360 

2700 

3S0 

4100 

Bm^i)on4w»ccac 

HD 

2.6 

74 

25 

340 

Orycoe 

HD 

41 

370 

63 

170 

Cl-efaryecaca 

HD 

79 

610 

no 

1500 

C2^hf7scaa 

HD 

110 

150 

130 

18 00 

C3-cWymrm 

HD 

•5 

660 

120 

1600 

C^cHryacwi 

HD 

HD 

HD 

HD 

HD 

&cnJD(l>)i!hi0ranriwM 

HD 

7.4 

59 

73 

110 

Bctxsc<k)nuonmibeBC 

HD 

HD 

HD 

HD 

HD 

B«toto(c)pymto 

HD 

5.6 

43 

1.1 

120 

Bcn2A<*)p7T«D< 

HD 

ND 

HD 

HD  J 

HD 

Fctyfcae 

HD 

HD 

HD 

HD 

HD 

IndoK/1.2^-c,rf)WT«e 

HD 

HD 

HD 

HD 

ND 

Dibctu^a^Oarwfcfecrr** 

ND 

HD 

HD 

HD 

HD 

Baizs<£fii)pcT3rfc&c 

HD 

HD 

ND 

HD 

HD 

Tot«I  PAH 

2.7  • 

1S000 

140000 

16000 

220000 

2<M^]rtM^hahrianc 

-*»— 

130 

990 

130 

1100 

1  mcihyinapbAjlemi 

*  U»* 

140 

Hoo 

240 

1900 

2,6-cfcmctKjrtojpbOurfcne 

- — CTO - 

62 

470 

47 

650 

2^,5-crimcUrytnjEphiKiWK 

HD 

64 

490 

62 

140 

lHTwtbyfphenamhnwe 

HD 

210 

1600 

110 

2500 
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Table  12.  Continued,  Concentrations  of  PABj  For  Tests  #1  and  #2 


GmafFnidlD: 

Snpfc  flZ 

Sanpk  f  12, 

Snplc  f6, 

Sample  #£ 

Snpl*fl£ 

T«nl2,Um 

Tex  n,  11  m 

TeX  IZ  11  « 

Tail  02,11m 

Tot  02,  100  at 

BOS  Saoiptc  ID: 

1D6S 

TD65 

TD60 

TD60 

TD69 

Batch  ZD: 

96-033 

96-033 

96-033 

96*033 

96-033 

Manx; 

03 

OS 

oa 

OS 

OS 

Sampk  W«ght  (m*  o*  wwjM) 

£70 

£70 

5.10 

ito 

L40 

Sample  Vghape  (L) 

•0.1 

10.1 

11.9 

•1.9 

194.5 

DMon; 

1.01 

L01 

1.01 

1.0 1 

1.01 

Repeating  LMu 

* 

3 

Mg/m) 

JUponfiat  Ueohi 

Dccafin 

14 

_ 

5  «9V| 

11 

_ 

smte 

32 

Cl  4*r abm 

45 

3^1 

36 

3.9 

66 

150 

13 

160 

12 

190 

CMcufim 

220 

It 

220 

U 

130 

C4~dacM&nM 

170 

1* 

Ito 

13 

230 

B«ftao(b]ifcioph«M 

£5 

0.35 

£5 

0.46 

£9 

Cl-bcna(k)M0(dKiH« 

K9 

1.4 

17 

13 

23 

C2>hca»(b}lhiopfaBDa 

27 

2J 

27 

1.9 

27 

Q-bwtfO(b>hiophao— 

46 

3.1 

43 

3.1 

46 

Ci  hmTnfhJihlnphmn 

75 

£3 

74 

5.2 

61 

Naphthalene 

ISO 

15 

200 

U 

260 

n  nifhfhrtmn 

ito 

15 

190 

14 

190 

C2-ftapfaihakn«i 

320 

27 

320 

23 

300 

O-opfeMcaca 

460 

3« 

440 

31 

400 

C6-rt> phlhakaa 

490 

41 

$10 

36 

430 

ftf  -> - i 

DlpnCQjl 

13 

1.1 

13 

0.19 

15 

AMUphdiyinu 

41 

3.4 

41 

19 

33 

AccnaptMhco* 

13 

1.1 

13 

0.90 

14 

DtkniaAno 

£4 

-  0,3<"“* 

S3 

">l42 

9:2 

Ffaoem 

52 

4,3 

54 

3.1 

44 

Cl'daorma 

130 

11 

150 

10 

120 

OHEhaorcaai 

S#> 

49 

650 

46 

470 

C3-duoraaa 

1300 

110 

1400 

100 

1200 

Aaihracam 

19 

u 

19 

IJ 

22 

Phnuntfiw 

140 

11 

140 

9.9 

150 

Cl*yluimfaaM^atocawi 

510 

4S 

620 

44 

600 

Q<ptactun!fare&afa<hr»oe&fli 

no o 

II 

1100 

SO 

1200 

GZpfaauutaraKrtnifaracs&cs 

1100 

92 

1200 

t2 

1200 

C4-phaunfhrtsxa/^anlhraccra 

640 

S3 

610 

44 

690 

Dftwnzotfiiophcoc 

170 

14 

no 

12 

160 

Cl-^hs&zDtfuopbcna 

1000 

16 

1100 

75 

970 

C2-£bcB2rfiiopbePCM 

2500 

200 

2700 

190 

2600 

f"  ^ — pitiinplMnira 

2900 

250 

3100 

220 

3000 

fluoranthene 

19 

1.6 

23 

L6 

30 

Pyrene 

29 

Z5 

26 

1.1 

25 

Cl-fhjoraatimtVpyi  caa 

130 

11 

no 

1.7 

130 

C2*fluormtfieaa/pyTcoc» 

210 

It 

230 

16 

220 

O'fiuorMhaoaa^rw* 

210 

23 

300 

21 

300 

Bo^i)whn>  nmr 

ND 

ND 

ND 

ND 

ND 

Oiyxo* 

39 

3-2 

44 

3.1 

ND 

Cl-«hcy*cac* 

66 

5.5 

63 

4^ 

71 

C2<fai7aoics 

92 

7.7 

90 

6.4 

93 

O-chryMaei 

61 

5.7 

64 

4.5 

71 

C4^chry»ana 

HD 

ND 

ND 

ND 

ND 

Bcn2D(b)fluor»nthcr>c 

£7 

0.56 

5.5 

0.39 

S3 

Boun(k)fluomlfaeae 

ND 

ND 

ND 

ND 

ND 

Bcnaa(«)pyre&c 

4,7  J 

0.40 

£1 

0.43 

ND 

BcDiotM'pyim 

ND 

ND 

ND 

ND 

ND 

ferykne 

ND 

ND 

ND 

ND 

ND 

Indeao(l,2t3-cld)pyruc 

ND 

ND 

ND 

ND 

ND 

IXbcu^ft>0UhAMD« 

ND 

ND 

ND 

ND 

ND 

Btttt(fcJu)payfc« 

ND 

ND 

ND 

ND 

ND 

TpoIPaH 

16000 

1300 

17000 

1200 

16000 

160 

U 

170 

12 

170 

170 

60 

lfnethyinaphlhalcM 

170 

14 

170 

12 

2,6^ac<faytniphilytciu 

63 

5.3 

73 

3.1 

Z3.5  HrmwAyin  wpfcihilmc 

76 

5J 

4.5 

52 

l-methyiphctunthrcno 

210 

It 

210 

15 

190 
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EVALUATION  OF  POTENTIAL  HUMAN  HEALTH  EFFECTS  FROM 
EXPOSURE  TO  FOG  OIL  SMOKE  AND  LIQUID  FOG  OIL 


A  LITERATURE  REVIEW 


SECTION  1  -  INTRODUCTION 


Recommendations  of  the  Defense  Base  Closure  and  Realignment  Commission,  made 
in  conformance  with  the  provisions  of  the  1990  Base  Realignment  and  Closure  Act, 
require  the  closing  of  Fort  McClellan  in  Alabama  and  realignment  of  essential  missions 
to  other  installations.  Pursuant  to  the  National  Environmental  Policy  Act  of  1969 
(NEPA)  and  its  implementing  regulations,  the  Army  is  required  to  prepare  an 
Environmental  Impact  Statement  (EIS)  to  address  the  environmental  and 
socioeconomic  impacts  of  realigning  the  U.S.  Army  Military  Police  School  and  U.S. 

Army  Chemical  School,  and  several  associated  support  units,  from  Fort  McClellan, 
Alabama  to  Fort  Leonard  Wood,  Missouri. 

One  of  the  missions  to  be  transferred  to  Fort  Leonard  Wood  is  obscurant  smoke 
training  with  fog  oil.  The  following  literature  review  of  the  human  health  effects 
associated  with  fog  oil  obscurant  training,  has  been  conducted  to  support  the  overall 
EIS  for  this  base  realignment  action  and  will  serve  to  update  fog  oil  health  evaluations 
by  Liss-Suter  etal.  (1978);  Palmer  (1990);  and  Driver  et  al.  (1993). 

Initial  reviews  of  the  human  health  literature  revealed  an  absence  of  information  on 
hydrocarbon  constituents  in  smoke  generated  from  SGF-2  (Smoke  Generator  Fuel)  oils 
manufactured  under  recent  military  specifications.  Therefore,  as  part  of  the  EIS 
process  and  to  advance  the  state-of-knowledge  of  fog  oil  health  effects,  samples  of  fog 
oil  smoke  were  monitored  for  individual  hydrocarbon  compounds.  Analytical  results  will 
be  used  to  further  assess  health  risks  beyond  this  literature  evaluation. 
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SECTION  2  -  BACKGROUND 


2.1  HISTORY  OF  FOG  OIL 

The  generation  of  obscurant  smoke  for  concealment  purposes  has  been  a  part 
of  military  tactics  prior  to  World  War  I  (Driver  et  al.,  1993).  The  current  use  of 
white  fog  oil  to  generate  smoke  dates  back  to  World  War  II  and  the  Korean 
conflict.  Tactically,  smoke  may  be  employed  in  offensive  operations  to  neutralize 
firepower  and  reduce  mobility,  or  for  defensive  operations  to  deter  enemy 
observation  and  aimed  enemy  fire  (Wimer  et  al.,  1987). 

Industrial  oil  burners  were  initially  adapted  by  the  military  to  produce  smoke  in 
years  past;  however,  specially  designed  smoke  generators  have  now  been 
developed.  Overtime,  improvements  to  smoke  generating  systems  have  made 
them  lighter,  more  mobile,  and  increasingly  capable  of  producing  larger  clouds  of 
optimum  particle  size  fog  (Liss-Suter  and  Villaume,  1978). 

Many  different  types  of  fog  oil  and  other  petroleum  products  have  been  used  to 
generate  smoke  including  SGF-1  and  SGF-2,  diesel  fuel,  jet  fuel  (JP-4),  and 
kerosene.  SGF-1  has  not  been  supplied  to  the  U.S.  Army  since  the  mid-1970s. 
SGF-2  is  currently  used  for  year-round  obscurant  applications  (Liss-Suter  and 
Villaume,  1978). 

Prior  to  1986,  military  manufacturing  specifications  for  SGF-2  were  written  to 
control  the  physical  attributes  of  fog  oil  (e.g.,  boiling  point  range,  pour  point,  and 
viscosity)  for  optimum  production  of  smoke  by  generators.  To  address  human 
health  concerns,  manufacturing  specifications  for  SGF-2  fog  oil  were  modified  in 
1986  (MIL-F-12070C,  Amendment  2)  to  require  certification  by  manufacturers 
that  no  carcinogenic  or  potentially  carcinogenic  constituents  were  present  in  fog 
oil  (U.S.  Army,  1986).  The  1986  manufacturing  specification  added  considerably 
to  the  health  protection  of  individuals  exposed  to  fog  oil  smoke  during  training  or 
actual  combat  missions. 

2.2  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  FOG  OIL 

2.2.1  Physical  Properties  of  Fog  Oil 

The  physical  characteristics  of  SGF-2  fog  oil  are  currently  defined  under 
military  specification,  MIL-F-12070D  or  NATO  Code  No.  F-62  (U.S.  Army,  1992). 
SGF-2  fog  oil  is  a  middle  distillate  product  of  crude  oil,  which  is  drawn  from 
stocks  of  a  raw  industrial  lubricating  oil  (Driver  et  al.,  1993).  It  is  a  pale  colored 
liquid,  and  has  a  viscosity  similar  to  that  of  SAE  20  motor  oil.  The  military 
specifications  require:  320  °F  minimum  flash  point;  a  Kinematic  viscosity  (cSt)  at 
212  °F  of  3.40  minimum  and  4.17  maximum;  0.2%  maximum  Ramsbottom 
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Carbon;  0.1  maximum  neutralization  number;  and  -40  °F  maximum  pour  point. 
The  density  of  SGF-2  fog  oil  is  approximately  0.92  g/cm3(U.S.  Army,  1992). 
Because  crude  oil  compositions  and  distillation  procedures  differ,  and  a  range  of 
acceptable  manufacturing  specifications  exist,  individual  batches  of  SGF-2  may 
be  different  in  both  appearance  and  composition  (Driver  et  al.,  1993).  The 
physical  specifications  of  SGF-2  have  remained  unchanged  for  over  thirteen 
years. 

While  smoke  is  usually  generated  using  pure  SGF-2  fog  oil,  it  may  be 
necessary  to  blend  the  oil  with  kerosene,  diesel  fuel,  or  JP-8  to  improve  the  flow 
of  the  resultant  oil  at  temperatures  below  32  °F.  The  recommended  volume 
concentration  of  the  added  fuel  is  0%  above  32  °F,  25%  between  32  °F  and  0 
°F,  40%  between  0  °F  and  -25  °F,  and  50%  between  -25  °F  and  -40  °F  (Driver  et 
al.,  1993). 

2.2.2  Chemical  Properties  of  Fog  Oil 

Before  manufacturing  specifications  were  modified  in  1986  to  remove 
carcinogens  and  potential  carcinogens,  SGF-2  fog  oil  contained  high 
concentrations  of  mononuclear  and  polynuclear  aromatic  hydrocarbons  (PAHs), 
complex  cyclic  aliphatics,  oxygenated  aromatics  and  nitrogen  based  organic 
compounds.  Three  SGF-2  fog  oils  produced  prior  to  1980  by  different 
manufacturers,  were  analyzed  by  Katz  et  al.  (1980)  and  found  to  contain  nearly 
equal  amounts  of  aliphatic  and  aromatic  compounds.  These  two  fractions  made 
up  95-99%  of  the  total  hydrocarbon  content  of  the  SGF-2  oils  tested.  The 
remaining  fractions  in  the  oils  consisted  of  alcohols,  acids,  and  esters. 

In  the  pre-1980  SGF-2  fog  oils  tested  by  Katz,  a  number  of  aromatic 
compounds  were  identified,  including  substituted  benzenes,  naphthalenes, 
anthracenes,  phenanthrenes  dihydrophenanthrenes,  fluorenes, 
acenaphthalenes,  biphenyls,  indanes,  phenalenes,  and  ionols,  as  well  as  cyclic 
compounds.  The  aliphatic  fractions  contained  straight  and  branched  chain 
saturated  hydrocarbons  in  the  C14-C22  range.  A  considerable  number  of  nitrogen 
base  materials  were  also  identified  in  the  oils,  including  quinoline, 
benzoquinoline,  and  indole  derivatives.  The  200  plus  hydrocarbon  species 
which  could  be  identified,  represented  only  a  small  fraction  of  the  total  number  of 
hydrocarbons  present,  many  of  which  could  not  be  identified  or  detected  in 
appreciable  amounts. 

SGF-2  fog  oil  manufactured  under  the  1986  military  specification  has  a 
significantly  altered  hydrocarbon  composition  due  to  rigorous  oil  refinement  to 
remove  toxic  aromatic  hydrocarbons,  some  of  which  are  known  or  potential 
carcinogens.  Removal  of  the  aromatic  compounds  has  required  manufacturers  to 
either  severely  hydrotreat  oils  or  subject  them  to  solvent  refining  (Palmer,  1990). 
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Once  the  aromatic  fraction  is  removed,  low-toxicity  aliphatics  comprise  the 
greatest  percent  of  the  SGF-2  oil  (Palmer,  1990  and  Rabe  and  Dorsey,  1994). 
Several  SGF-2  fog  oil  samples  were  analyzed  in  1995  and  found  to  consist 
predominantly  of  aliphatics,  and  did  not  detect  the  presence  of  PAHs  or  mono¬ 
aromatics  such  as  benzene  (3D  Environmental,  1995). 

An  aliquot  of  SGF-2  fog  oil,  sampled  from  drums  stored  at  the  U.S.  Army 
Combat  Maneuver  Training  Center  (CMTC)  at  Hohenfels,  Germany,  was 
analyzed  by  gas  chromotography/mass  spectroscopy  (GC/MS).  Because  the 
sample  consisted  of  thousands  of  organic  compounds,  the  chromatographic 
system  used  was  not  capable  of  resolving  most  of  the  constituents.  The 
chromatogram  consisted  of  a  large,  bell-shaped  curve  upon  which  many  sharp 
peaks  were  superimposed.  With  this  type  of  chromatogram,  only  those 
compounds  in  sufficient  quantity  to  appear  as  a  separate  peak  superimposed  on 
the  curve  could  be  identified.  Long  chain  aliphatic  hydrocarbons  dominated  the 
sample,  which  also  had  substituted  forms  of  indenes,  pentadecane,  dodecane, 
and  cyclohexane  (Brubaker  et  al.,  1992). 

Trace  metals  were  analyzed  in  three  different  SGF-2  fog  oils,  manufactured 
prior  to  1980  (Katz  et  al.,  1980).  Of  the  14  different  metal  species  analyzed  by 
atomic  absorption,  12  were  not  detected,  and  two  metals,  copper  (Cu)  and  zinc 
(Zn),  were  detected  in  low  parts  per  billion  (ppb)  concentrations.  Results  of  the 
analyses  are  shown  in  Table  2.1. 
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Table  2.1:  Results  of  Trace  Metal  Speciation  in  SGF-2  Fog  Oil  (from  Katz  et  al. , 
1980) 


Metal 

Oil  #1 
(PPB) 

Oil  #2 
(PPB) 

Oil  #3 
(PPB) 

Detection 

Limit 

(PPB) 

Cadmium  (Cd) 

ND 

ND 

ND 

9 

Chromium  (Cr) 

ND 

ND 

ND 

9 

Cobalt  (Co) 

ND 

ND 

ND 

9 

Copper  (Cu) 

46  (±  25%) 

46 

48 

Lead  (Pb) 

ND 

ND 

ND 

93 

Manganese  (Mn) 

ND 

ND 

ND 

9 

Molybdenum 

ND 

ND 

ND 

95 

(Mo) 

ND 

ND 

ND 

9 

Nickel  (Ni) 

ND 

ND 

ND 

9 

Strontium  (Sr) 

ND 

ND 

ND 

93 

Tin  (Sn) 

ND 

ND 

ND 

95 

Vanadium  (V) 

55  (±  25%) 

19 

104 

Zinc  (Zn) 

ND 

ND 

ND 

95 

Arsenic  (As) 
Mercury  (Hg) 

ND 

ND 

ND 

2 

ND  -  Not  Detected,  PPB  -  Parts  Per  Billion 


Metal  analyses  on  SGF-2  fog  oils  manufactured  under  current  specifications 
specifications  have  not  been  performed.  However,  there  is  no  reason  to  expect 
significant  differences,  particularly  since  present  specifications  require  more 
rigorous  oil  refinement  than  the  processing  techniques  used  prior  to  1986. 
Additionally,  specifications  dating  back  to  1984,  and  perhaps  earlier,  prohibit  the 
use  of  re-refined  oil  in  the  manufacturing  of  fog  oil  (U.S.  Army,  1984). 

It  is  not  unusual  for  re-refined  oil  such  as  used  lubricating  oils,  to  contain  high 
metals  concentrations,  particularly  used  engine  oil  (Rabe  and  Dorsey,  1994). 
Because  used  lubricating  oils  cannot  be  re-refined  for  production  of  SGF-2,  the 
probability  of  high  metal  concentrations  in  fog  oil  manufactured  under  current 
specifications  is  further  reduced. 

2.2.3  Proposed  Specification  Changes 

The  U.S.  Army  is  currently  in  the  process  of  approving  the  latest  revision  of  the 
fog  oil  specification,  MIL-F-12070E  (U.S.  Army,  1995a).  The  primary  difference 
is  the  requirement  of  new  tests  to  be  conducted  by  the  manufacturer  to 
demonstrate  the  absence  of  “any  toxic  effect  or  carcinogenic  or  potentially 
carcinogenic  effects.”  Required  manufacturer  certification  tests  include: 
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•  Carcinogenicity  test.  A  mouse  skin  paint  test,  as  outlined  in  the  National 
Toxicity  Program,  will  be  performed  on  the  oil  delivered  to  the  Army  or  on 
previous  batches  of  mineral  oil  produced  by  the  same  refinement  process. 
The  oil  will  be  certified  if  the  test  does  not  produce  an  excess  of  malignant 
tumors  when  compared  to  the  control  group  at  the  same  application  site 
(U.S.  Army,  1995a). 

•  Mutagenicity  test.  An  in  vitro  genotoxicity  test  in  accordance  with  the 
Modified  Ames  test  will  be  performed  on  the  batch  of  oil  only  if  results  of 
the  carcinogenicity  test  are  unavailable.  The  fog  oil  can  be  certified  with  a 
Mutagenicity  Index  equal  to  or  less  than  1 .0  (U.S.  Army,  1995a). 

•  FDA  White  Oil  Purity  test.  An  analytical  FDA  white  oil  purity  test  to 
estimate  aromaticity,  will  be  performed  only  if  results  from  the 
carcinogenicity  test  are  unavailable.  If  the  FDA  absorbance  value  at  280 
to  290  nanometers  (nm)  is  less  than  200  units,  then  the  fog  oil  can  be 
certified  not  toxic  (U.S.  Army,  1995a). 

2.3  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  FOG  OIL  SMOKE 
2.3.1  Physical  Properties  of  Fog  Oil  Smoke 

Fog  oil  smoke  generators  used  by  the  military  produce  smoke  by  heating  liquid 
fog  oil  until  it  vaporizes,  then  propelling  the  vaporized  oil  into  the  atmosphere. 

As  the  fog  oil  vapor  reaches  the  cooler  atmosphere,  it  condenses  into  small  oil 
droplets,  0. 6-5.0  micrometers  (^m)  in  diameter,  which  collectively  form  a  fog-like 
cloud  (Driver  et  al.,  1993). 

The  particle  size  distribution  has  been  measured  in  several  studies. 
Aerodynamic  mass  median  particle  diameter  (AMMD)  ranged  between  0.6  ^m- 

1.3  //m  (Ballou,  1981),  and  0.2  //m-0.29^m  (Aranyi  et  al.,  1992),  when 
measurements  were  made  in  inhalation  aerosol  chambers.  Cataldo  et  al.  (1989) 
measured  fog  oil  smoke  particle  size  in  a  wind  tunnel  and  found  droplet  size  to 
range  between  1.6  /^m  and  3.1  n m.  Using  a  similar  (inertial)  sampling  technique, 
Katz  measured  mass  median  diameters  of  fog  oil  smoke  droplets  between  0.7 

fx m  and  1.7  ^m  (Katz  et  al.,  1980). 

Because  fog  oil  particles  are  spherical  liquid  droplets,  their  aerodynamic  sizes 
and  behavior  can  be  calculated.  Calculated  estimates  agree  well  with  actual 
measurements  made  in  the  laboratory  and  field  (Driver  et  al.,  1993). 

Aerodynamic  particle  size  distributions  of  fog  oil  aerosols  will  vary  based  upon: 
generation  method;  viscosity  and  chemical  composition  of  the  fog  oil;  internal 
temperature  of  the  generator;  and  feed  rate  of  SGF-2  oil  to  the  generator  (U.S 
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Army,  1995b;  Driver  etal.,  1993;  and  Katz  et.  al.,  1980).  For  example,  the  Ml  57 
generator  will  produce  larger  oil  droplets  with  lower  internal  temperature  and  high 
SGF-2  feed  rate,  and  increasingly  smaller  oil  droplets  as  internal  temperature  is 
increased  and  SGF-2  feed  rate  is  decreased  (U.S.  Army,  1995b). 

The  size  distribution  of  oil  particles  making  up  a  smoke  cloud,  is  very  important 
to  achieving  optimum  obscuration.  Smoke  clouds  with  smaller  sized  particles 
are  unstable  in  light  wind  and  tend  to  rapidly  elevate  a  short  distance  from  the 
generator.  Smoke  with  larger  particles  sink  rapidly  to  the  ground  and  therefore,  it 
does  not  provide  enough  vertical  or  horizontal  obscurant  cover. 

2.3.2  Chemical  Properties  of  Fog  Oil  Smoke 

The  Katz  et  al.  (1980)  studies  represent  the  only  indepth  characterization  of 
fog  oil  smoke  for  hydrocarbon  compounds  of  biologic  significance,  and  were 
performed  on  fog  oil  manufactured  prior  to  1986.  Military  manufacturing 
specifications  were  changed  in  1986  to  require  the  elimination  of  carcinogens 
and  potential  carcinogens  from  the  oil.  This  modification  is  significant  because  a 
change  in  the  hydrocarbon  composition  of  the  parent  oil  will  also  cause 
commensurate  changes  in  the  chemical  composition  of  smoke  generated  from 
the  oil.  Studies  were  initiated  in  1995  to  document  hydrocarbon  compositional 
changes  of  the  smoke  generated  with  SGF-2  that  had  been  manufactured  after 
1986.  Final  results  are  anticipated  by  the  summer  of  1996  (Parsons  ES,  1996). 

Katz  analyzed  smoke  produced  from  three  different  SGF-2  oils  using  three 
different  gasoline  powered  M3-A3  generators.  The  physical  appearances  of  the 
three  oils  varied  from  clear  light  amber  to  dark  black-brown.  Varying  the 
generators  had  little  effect  on  either  the  physical  or  chemical  properties  of  the 
smoke;  additionally,  the  physical  properties  of  the  smokes  were  not  greatly 
altered  from  one  oil  to  the  next. 

Initially  the  fog  oil  smoke  samples  were  separated  into  class  fractions  of 
aliphatics,  aromatics,  alcohols,  acids,  and  esters.  The  aliphatic  and  aromatic 
fractions  comprised  95-99%  of  the  oils  by  weight  in  all  three  oils  tested,  as  well 
as  the  smokes  generated  from  them.  In  general,  the  aliphatic  and  ester  fractions 
in  the  fog  oil  smoke  samples  were  similar  to  the  parent  SGF-2  oil  composition. 
There  was,  however,  a  slight  increase  in  aromatic  content  of  smokes  when 
compared  to  parent  SGF-2  oils  (Katz  et  al.,  1980).  This  finding  indicates  that 
removal  of  toxics  and  carcinogens  in  the  parent  oil  will  likely  eliminate  the  same 
compounds  in  smoke  generated  from  the  oil. 

The  complete  complement  of  hydrocarbons  present  in  smoke  produced  by  fog 
oil  generators  includes:  hydrocarbons  from  vaporized  and  subsequent 
condensed  fog  oil;  and  the  exhaust  gases  from  the  combustion  of  fuel  used  to 
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operate  smoke  generators.  The  hydrocarbon  composition  of  the  fuel  exhaust 
gas  will  depend  on  such  factors  as  the  type  of  fuel  used  to  power  the  generator 
(e.g.,  gasoline,  No.  1  or  No.  2  diesel,  JP-4,  etc.);  the  completeness  of 
combustion  as  controlled  by  air/fuel  ratios;  temperatures,  pressures  and 
configuration  of  the  combustion  chamber;  and  methods  of  fuel  injection  into  the 
chamber. 

Depending  on  the  type  of  generator,  exhaust  gases  could  be  a  source  of  toxic 
and  carcinogenic  hydrocarbons  to  the  fog  oil  cloud  because  fuel  consumption 
rates  are  different.  For  example,  the  Ml  57  burns  2.5  gallons  per  hour  [gph]  of 
diesel  fuel  and  uses  40  gph  of  fog  oil  (U.S.  Army,  1995b).  Again,  results  of  tests 
conducted  by  Parsons  ES  are  expected  to  contribute  needed  information  on  the 
hydrocarbons  (aliphatics  and  aromatics)  found  in  smoke  produced  by  the  M157 
and  M56  generators  (Parsons  ES,  1996). 

2.4  FOG  OIL  SMOKE  GENERATORS 

2.4.1  Operational  Guidance 

In  general,  there  are  three  types  of  systems  for  producing  smoke:  projected, 
self-defense,  and  generated  smoke  systems.  This  review  will  focus  upon 
generated  smoke  systems,  and  more  specifically,  smoke  generated  from  the 
mobile  smoke  generator  systems  anticipated  for  use  in  obscurant  training 
conducted  by  the  chemical  school  at  Fort  Leonard  Wood. 

Generators  are  designed  to  produce  large  amounts  of  smoke  for  a 
considerable  length  of  time  (60  to  90  minutes).  Their  ideal  battlefield 
applications  include  screening,  protecting,  and  sustaining  obscuring  smoke  (U.S. 
Army,  1995b).  Given  the  number  of  people  and  duration  of  concealment  by 
smoke,  this  type  of  obscuring  operation  will  provide  the  greatest  exposure  to  the 
soldiers  in  the  field. 

2.4.2  Current  Smoke  Generation  Equipment 

The  U.S.  Army’s  primary  generator  is  the  Ml 57  pulse-jet  smoke  generator.  In 
addition,  the  Army  is  developing  the  M56  turbine-jet  generator,  which  is 
scheduled  for  production  in  fiscal  year  (FY)  1997. 

2.4.2. 1  M157  Pulse-Jet  Smoke  Generator 

The  Ml  57  pulse-jet  smoke  generator  is  a  gasoline  powered  generator  which  is 
capable  of  vaporizing  0.67  gpm  of  fog  oil  (40  gallons  per  hour  [gph]).  The  Ml  57 
is  currently  undergoing  a  retrofitting  which  will  allow  it  to  operate  with  multiple 
fuels,  at  a  rate  of  2.5  gph,  in  place  of  gasoline.  Designated  the  M157A2,  this  will 
satisfy  the  DOD  directive  4140.43  for  fuel  standardization,  and  should  be 
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available  for  full  deployment  in  FY97  (U.S.  Army,  1995b).  It  can  be  mounted  on 
either  the  Ml  13  APC  (armored  personnel  carrier)  or  the  Ml  037  HMMWV  (High 
Mobility  Multipurpose  Wheeled  Vehicle  or  “Hum-Vee”). 

START  Mode 

Before  starting  the  generator,  a  preheating  operation  is  required  if  the  ambient 
temperature  is  below  45  °F.  To  preheat  the  combustion  chamber,  a  150  watt 
glow  plug  and  a  650  watt  band  heater  are  run  for  two  minutes.  At  the  end  of  this 
time  period,  or  if  the  temperature  is  above  45  °F,  the  control  switch  is  held  in  the 
“START”  position. 

When  the  generator  is  in  the  start  mode,  the  primary  fuel  (diesel,  JP-8,  etc.)  is 
pumped  from  the  5-gallon  fuel  tanks  to  the  nozzle  assemblies  along  with  air  from 
the  air  compressor.  The  fuel  and  air  is  mixed  at  the  fuel/air  mix  manifold,  and  fed 
into  the  combustion  chamber  where  a  spark  from  the  ignitor,  which  only  fires 
once  in  the  generation  process,  causes  the  fuel/air  mixture  to  explode.  The 
pressure  created  by  the  explosion  closes  the  engine  valve  and  forces  the  gases 
through  the  engine  tube.  At  the  same  time,  the  vacuum  which  is  created  allows 
external  air  at  atmospheric  pressure  to  enter  the  combustion  chamber,  fuel  is 
again  added,  and  the  combustion  process  repeats  itself  at  a  rate  of  60  times  per 
second. 

When  the  exhaust  gas  has  reached  the  proper  operating  temperature  of  1475- 
1575  °F  (verified  by  a  thermocouple  in  the  exhaust  stream),  the  generator  is  then 
switched  to  its  RUN  mode  and  the  SGF-2  is  fed  to  the  generator.  This  stops  the 
ignitor  spark  and  flow  of  compressed  air. 

RUN  Mode 

Once  in  the  RUN  mode,  the  flow  of  primary  fuel  (diesel,  JP-8,  etc.)  is  not 
stopped,  therefore  the  final  obscurant  smoke  that  is  generated  is  actually  a 
mixture  of  exhaust  gas  from  ignition  of  the  primary  fuel  and  vaporized  SGF-2  fog 
oil. 

After  the  primary  fuel  is  ignited,  the  exhaust  gas  travels  through  a  pipe,  molded 
in  the  shape  of  a  trombone,  past  the  first  180°  turn,  where  is  passes  over  a 
thermocouple.  If  the  temperature  of  this  gas  is  between  1475-1575  °F,  the  fog 
oil  pump  assembly  draws  SGF-2  oil  from  a  storage  tank  and  pumps  it  into  the 
exhaust  gas  stream.  Vaporization  occurs  as  the  SGF-2  is  mixed  with  the 
exhaust  gases,  and  then  forced  into  the  atmosphere  through  one  of  three 
exhaust  jets,  where  it  cools  and  condenses  into  very  small  liquid  droplets 
(approximately  5  //m  in  diameter).  The  small  recondensed  oil  droplets,  along 
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with  partially  combusted  fuel  exhaust,  form  a  white  smoke  cloud.  The 
temperature  of  the  smoke  when  it  reaches  the  atmosphere  is  between  900-1100 
°F.  Because  the  SGF-2  actually  operates  as  the  coolant  for  the  generator, 
adjusting  the  flow  of  oil  with  the  “FOG  OIL  FLOW”  control  knob  will  raise  or  lower 
the  temperature  in  the  generator.  According  to  the  “SMOKE  TEMP”  indicator  on 
the  control  panel,  the  nominal  operating  range  for  the  Ml  57  generator  is  650-900 
°F.  It  must  be  noted,  however,  that  the  thermocouple  inside  the  generator 
actually  governs  whether  or  not  smoke  will  be  produced,  not  the  SMOKE  TEMP 
indicator  (U.S.  Army,  1995b). 

2.4.2.2  Turbine  Smoke  Generator 

The  turbine  smoke  generator,  the  first  new  smoke  generator  technology  since 
the  1940s  (U.S.  Army,  1995b),  can  provide  not  only  large  area  visual  smoke 
capability,  but  also  IR  (infrared)  smoke  obscuration  (through  the  use  of  graphite 
flakes).  This  new  turbine  smoke  generator  has  two  designations.  When  it  is 
mounted  on  the  Ml  097  HMMWV,  it  is  designated  M56,  and  when  mounted  on 
the  Ml  13  APC,  it  is  designated  the  M58.  The  sampling  conducted  by  Parsons 
ES  in  1995,  was  of  smoke  produced  by  the  M56  variant  of  the  turbine  smoke 
generator.  The  M56  utilizes  a  turbine  engine,  powered  by  either  diesel  or  JP-8 
fuel  with  a  rate  of  15  gph,  which  will  generate  exhaust  gas  for  vaporizing  SGF-2 
fog  oil  to  provide  visual  smoke,  bleed  air  to  propel  the  IR  graphite  smoke,  and 
electrical  power  to  operate  the  system  (U.S.  Army,  1995b). 

When  producing  visual  smoke,  the  M56  can  consume  1 .33  gallons  of  SGF-2 
per  minute  (80  gallons/hour)  by  pumping  the  fog  oil  from  its  two,  45-gallon  tanks. 
Currently  it  can  generate  smoke  for  up  to  60  minutes,  and  a  material  change 
program  (MCP)  will  be  conducted  in  FY96  to  increase  the  generation  time  to  90 
minutes  (U.S.  Army,  1995b).  Full-scale  production  of  the  M56  generators  should 
begin  in  FY97. 

Producing  Smoke 

The  M56  generates  smoke  by  shooting  SGF-2  oil  through  a  small  injector 
which  is  in  the  exhaust  nozzle,  approximately  5  inches  from  the  ignition  chamber. 
Fog  oil  flow  is  controlled  by  a  thermocouple  also  located  in  the  exhaust  nozzle. 
Heat  from  the  turbine  exhaust  vaporizes  the  oil  into  droplets.  Given  the  force  of 
the  exhaust,  and  the  1050  °F  exhaust  gas  temperature,  the  smoke  cloud  begins 
to  form  several  feet  from  the  generator. 
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SECTION  3  -  HUMAN  HEALTH  EFFECTS 


3.1  EXPOSURE  LEVELS  TO  FOG  OIL  SMOKE 

The  importance  of  understanding  the  fate  of  chemicals  in  the  environment 
cannot  be  underestimated  as  it  relates  directly  to  the  types  of  exposures  to  which 
humans  and  the  environment  are  subjected.  In  the  case  of  fog  oil  obscurant 
training,  the  level  and  duration  of  the  exposures,  in  combination  with  the  toxicity 
of  the  substance(s)  making  up  the  exposure,  are  directly  correlated  to  the 
potential  environmental  and  human  health  effects.  The  source  term  exposures 
for  the  SGF-2  oil  can  be  broken  into  three  categories:  windborne  smoke 
(inhalation  and  visibility  effects),  deposition  of  materials  (dermal  exposures),  and 
the  potential  release  of  potentially  large  quantities  of  bulk  liquid  fog  oil  from 
normal  transportation  and  handling  (including  the  filling  and  draining  of  the 
smoke  generator  tanks)  or  accidental  spills  of  the  liquid  SGF-2  oil  (Driver  et  al., 
1993). 

3.1.1  Potentially  Exposed  Personnel 

As  with  the  source  term  exposures,  the  exposed  groups  can  also  be  broken 
into  three  categories:  those  who  are  exposed  only  to  the  liquid  SGF-2;  those  who 
are  only  exposed  to  the  smoke;  and  those  that  can  be  exposed  to  both  the  liquid 
fog  oil  and  the  smoke. 

Support  personnel  are  most  likely  to  only  be  exposed  to  the  liquid  SGF-2  oil. 
Such  exposures  would  most  likely  be  from  accidental  spills  relating  to  the 
transportation  and  handling  of  the  oil.  Those  likely  to  be  exposed  only  to  the 
smoke  are  the  soldiers  in  the  field  that  are  being  obscured  by  the  smoke  during 
training  or  actual  combat.  While  there  is  a  chance  of  dermal  exposure  through 
the  settling  of  the  droplets  on  the  exposed  skin,  it  is  not  expected  to  be  an 
appreciable  amount.  The  group  that  faces  exposure  to  both  the  liquid  oil  and  the 
obscurant  is  the  generator  operators.  They  will  be  exposed  to  the  liquid  oil  while 
filling  and  draining  the  generator  tanks  and  performing  maintenance  on  the 
generators.  While  in  the  field,  they  could  be  exposed  to  the  smoke  under 
several  conditions  such  as  a  sudden  wind  change  or  malfunction  of  the 
generator.  Figure  3.1  summarizes  the  relationship  of  the  source  term  exposures. 
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Figure  3.1:  Potential  Source  Term  Exposures 
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3.1.2  Environmental  Exposures  to  Fog  Oil  Smoke 

The  airborne  fog  oil  droplets  are  deposited  on  the  ground  and  other  surfaces  in 
relation  to  the  atmospheric  conditions  at  the  time  the  fog  is  generated.  Although 
the  weather  and  surface  conditions  will  be  different  for  each  fogging  scenario, 
there  are  several  general  conditions  that  are  consistent  with  the  smoke 
generation.  First,  the  droplets  are  small  enough  that  they  will  always  travel 
downwind.  Second,  the  concentration  of  the  settled  droplets  will  decrease  as  the 
distance  from  the  generating  source  increases.  Finally,  once  fog  oil  droplets 
deposit,  they  will  be  less  likely  than  other  smoked  materials  (such  as  the  graphite 
flakes  used  for  IR  obscuration)  to  be  redistributed  during  wind  storm  and  other 
atmospheric  conditions.  Therefore,  the  environmental  exposures  to  the  droplets 
will  occur  at  the  location  of  initial  deposition  (Driver  et  al. ,  1993). 

Soil  deposition  modeling  using  a  Gaussian  dispersion  model  (Hanna  et  al., 
1982)  estimated  soil  deposition,  depending  on  atmospheric  conditions,  to  range 
between  30  to  300  milligrams  per  square  meter  (mg/m2)  1  km  downwind  to  less 
than  0.001  to  0.3  mg/m2 at  40  km  downwind.  The  modeling  also  estimated 
deposition  concentrations  to  be  less  than  10  mg/m2  at  distances  greater  than  2 
km  downwind  for  any  atmospheric  condition  (Driver  et  al. ,  1 993). 

Actual  field  results  from  testing  conducted  in  1985  by  Liljegren  et  al.,  suggest 
that  the  model  results  may  even  be  too  conservative  and  best  suited  as  a  worst 
case  estimate.  Their  testing  resulted  in  non-dectable  levels  for  fog  oil  on  neither 
horizontal  (to  simulate  ground  cover)  nor  vertical  (to  simulate  shrubs  and  blades 
of  grass)  surfaces.  Therefore,  they  concluded  the  deposition  of  fog  oil  smoke 
from  settling,  diffusion,  or  impaction,  is  insignificant  at  distances  greater  than 
25  m  downwind  (Liljegren  et  al.,  1988).  Although  the  chemical,  photochemical, 
and  microbial  degradation  of  the  fog  oil  is  site  dependent,  given  the  small 
amounts  that  will  be  deposited,  long  term  soil  contamination  is  not  expected 
(Driver  et  al.,  1993). 

Extensive  air  modeling  has  been  conducted  in  an  attempt  to  characterize  the 
dissemination  of  the  droplets  in  the  atmosphere.  In  order  to  assess  the  potential 
impacts  of  tests  and  training  activities  on  the  environment,  several  variables 
must  be  identified.  Among  these  are  deposition  rates,  air  concentration,  and 
plume  dispersion  (Driver  et  al.,  1993).  The  first  model  used  to  quantify  these 
unknowns  was  a  Gaussian  plume  dispersion  model,  selected  because  it  is  the 
most  basic  and  commonly  used  dispersion  model  (Hanna  et  al.,  1982). 
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3.1.3  Estimated  Airborne  Concentrations  Using  the  Gaussian  Dispersion 
Model 

The  model  developed  by  Hanna  et  al.  is  a  plume  dispersion  model  which 
provides  an  estimate  of  the  downwind  concentrations  of  fog  oil  in  a  three- 
coordinate  system,  where  x  is  the  downwind  coordinate,  y  is  the  crosswind 
coordinate,  and  z  is  the  vertical  coordinate.  The  input  parameters  of  the  model 
are  based  upon  the  mass  rate  of  fog  oil  generation,  the  mean  velocity  of  the 
wind,  height  of  the  plume  at  the  point  of  release,  settling  velocity  of  fog  oil 
droplets  in  the  plume,  deposition  velocity  of  fog  oil  droplets,  the  length  of  time  the 
generator  is  run,  and  an  atmospheric  stability  condition  (ASC;  Hanna  et  al., 

1982).  The  ASC  is  a  qualitative  characterization  of  atmospheric  turbulence, 
based  upon  surface  wind  speed  and  insolation  level  (Driver  et  al.,  1993).  Table 
3-1  provides  the  criteria  for  characterizing  the  six  ASCs. 


Table  3.1:  Meteorological  Conditions  Defining  Turbulence  Types 

(Driver  et  al.,  1993) 


Daytime  Insolation 

Nighttime  Conditions 

Surface  Wind 
Speed  (m/s) 

Strong 

Medium 

Slight 

Thin  Overcast 
or  >  4/8  Low 
Cloud 

<;  3/8  Cloud 

<2 

A 

A-B 

B 

- 

- 

2 

A-B 

B 

C 

E 

F 

4 

B 

B-C 

C 

D 

E 

6 

C 

C-D 

D 

D 

D 

>6 

C 

D 

D 

D 

D 

ASCs:  A  =  extremely  unsta 

ble;  B  =  moderately  unstable;  C  =  slight 

y  unstable;  D 

=  neutral;  E  =  slightly  stable;  and  F  =  moderately  stable. 

Driver  et  al.  ran  six  test  cases  using  this  model  and  the  M56  smoke  generator 
in  a  variety  of  ASCs  in  order  to  estimate  plume  dispersion  and  deposition  for  the 
SGF-2  oil.  In  each  of  their  test  cases  the  following  assumptions  were  made:  the 
generator  consumed  fog  oil  at  a  rate  of  77  grams  per  second  (g/s,  or  80  gal/h), 
the  plume  height  was  5  m  (Case  6  used  a  plume  height  of  10  m),  and  wind 
speed  was  assumed  to  be  in  the  range  of  2-5  m/s.  Although  different  ASCs 
were  selected  to  optimize  test  results,  it  was  determined  that  ASCs  A  and  B 
provide  poor  obscuration  but  good  mixing,  D  may  provide  good  obscuration,  and 
E  and  F  are  very  uncommon  (Driver  et  al.,  1993).  Settling  velocity  was  assumed 
to  be  0.02  cm/s,  and  the  deposition  velocity  was  assumed  to  be  0.06  cm/s  for  a 
wind  speed  of  2  m/s,  and  0.6  cm/s  with  a  wind  speed  of  5  m/s  (Cataldo  et  al., 

1 990).  Finally,  the  smoke  generation  time  was  set  to  30  minutes. 
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3. 1.3.1.  Results  of  the  Gaussian  Dispersion  Model 

In  each  of  the  six  tests,  two  concentrations  were  determined:  Cm,  the 
concentration  of  the  fog  oil  in  the  air  assuming  no  surface  reflection  (all  of  the  oil 
droplets  settle  on  the  ground  at  impact);  and  Cm*,  the  concentration  of  the  fog 
oil  in  the  air  assuming  100  percent  surface  reflection  (none  of  the  oil  droplets 
settle  on  the  ground).  Both  are  estimated  to  be  the  concentrations  at  1  m  above 
the  ground.  In  each  of  the  test  cases,  the  crosswind  distance  was  held  at  a 
constant  (0  km)  while  the  downwind  distance  was  varied  (0.1-40  km),  and  then 
the  downwind  distance  was  held  constant  (1  km)  while  the  crosswind  distance 
was  varied  (0.1 -0.4  km).  Table  3.2  provides  the  assumption  that  were  used  in 
each  model,  and  Table  3.3  provides  the  results  of  the  model. 

Predicted  fog  oil  concentrations  decrease  from  a  range  of  14-120  mg/m3  at  0.1 
km  downwind  to  0.002-0.27  mg/m3  at  40  km  downwind.  The  highest 
concentration  for  both  Cm  and  Cm*  occurs  in  Case  4  at  a  distance  of  0.2  km. 
This  range,  110-140  mg/m3,  is  over  ten  times  the  short-term  exposure  limit 
(STEL)  of  10  mg/m3  which  has  been  established  by  the  American  Conference  of 
Governemental  Industrial  Hygienists  (ACGIH). 

In  addition,  at  all  points  greater  than  0.3  km,  the  model  produces 
concentrations  higher  than  the  STEL.  This  would  indicate  that  respiratory 
protection  would  be  needed  for  most  generator  operations,  and  in  the  event  that 
a  smoke  is  generated  in  conditions  similar  to  those  modeled  in  Case  4, 
respiratory  protection  would  still  be  needed  over  1  km  from  the  generator  source. 

This  model,  however,  is  highly  idealistic.  The  assumptions,  for  example,  are 
very  conservative,  and  do  not  necessarily  simulate  actual  field  conditions  found 
when  generating  smoke.  First,  the  first  set  of  results  in  Table  3.3  are  produced 
assuming  a  the  smoke  will  not  laterally  disperse  during  generation,  which  is 
highly  unlikely  based  upon  real  world  observations.  As  the  model  indicates, 
concentrations  are  significantly  reduced  as  one  moves  laterally  from  the 
generator.  For  example,  in  Case  A,  the  concentration  at  1  km  downwind  and 
perfectly  in  line  with  in  the  generator  is  0.15  mg/m3;  at  0.2  km  from  the  centerline, 
the  concentration  is  0.092  mg/m3;  and  at  0.4  km  from  the  centerline,  the 
concentration  is  0.024  mg/m3. 

Second,  model  results  indicated  the  air  and  surface  concentrations  steadily 
decrease  as  the  downwind  distance  increases.  Actual  field  surveys  indicate  that 
fog  oil  concentrations  may  actually  have  maxima  and  minima  based  upon  site- 
specific  characteristics.  Finally,  the  wind  vector  that  is  used  must  be  kept 
constant  in  direction  and  time,  and  field  tests  show  that  constant  wind  changes 
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greatly  affect  the  intensity  of  the  plume.  These  real-world  conditions  invalidate 
many  model  results. 

Testing  conducted  in  1992  by  the  U.S.  Army  Chemical  School  would  indicate 
that  actual  concentrations  may  not  be  as  high  as  the  model  would  indicate. 
Smoke  was  generated  for  8-hours  in  order  to  compare  exposures  to  the  8-hour 
threshold  limit  values  (TLVs)  established  by  the  ACGIH  and  the  personal 
exposure  limit  (PEL)  established  by  the  Occupational  Safety  and  Health 
Administration  (OSHA).  The  results  indicate  personal  exposure  levels  of  0.0- 
1 .98  mg/m3,  which  are  considerably  lower  than  the  TLV  and  PEL  of  5  mg/m3 
(Skrutskie  et  al. ,  1993).  In  addition,  modeling  shows  a  decrease  in  air 
concentration  of  fog  oil  due  to  volatilization  of  30-40%  within  a  1  hour  period,  and 
approximately  80-90%  within  one  week  of  smoke  generation  (Driver  et  al.,  1993). 

While  the  Gaussian  model  results  may  not  be  completely  accurate,  they  could 
be  used  to  represent  the  worst-case  exposure  scenario.  Because  the 
assumptions  used  are  highly  conservative,  using  this  model  to  predict  the  worst 
possible  exposure  level  would  be  plausible.  In  recent  years,  two  new  models, 
the  Industrial  Source  Complex  Dispersion  Model  (Wackterand  Foster,  1986)  and 
the  Real-Time  Volume  Source  Dispersion  Model  (Bjorklund,  1990),  have  been 
developed  which  more  accurately  reflect  the  changing  atmspheric  conditions  and 
terrain  conditions.  These  models  have  become  widely  accepted,  and  the 
Bjorklund  model  is  currently  used  by  the  Meteorolgy  Division  of  the  U.S.  Army  at 
Dugway  Proving  Grounds,  Utah  (Driver,  et  al.,  1993). 

3.2  DERMAL  EXPOSURE 

Fog  oils  are  generally  classed  in  the  category  of  oils  known  as  mineral  oils, 
which  are  derived  from  petroleum  hydrocarbons.  Historically,  mineral  oils  have 
been  produced  by  a  number  of  refinery  processes  and  from  a  wide  range  of 
parent  oils.  The  hydrocarbon  composition  of  mineral  oil  will  differ  depending  on 
the  method  of  production  and  the  base  oil  used  to  prepare  it  (Palmer,  1990,  and 
Driver  et  al.,  1993).  Toxicity  of  a  particular  mineral  oil  is  directly  correlated  with 
the  types  hydrocarbons  contained  in  the  oil. 

Mineral  oil  exposures  to  workers  are  particularly  high  in  certain  industries  such 
as  metal  fabrication  and  machining;  printing  press  operations;  jute  and  cotton 
spinning;  and  refining  (Selgrade,  et  al.  1990).  Considerable  evidence  has 
correlated  skin  cancer  of  the  hand,  arm  and  scrotum  to  exposures  to  minerals  oil 
previously  used  in  these  and  other  industries  (Cruickshank  and  Squire,  1950; 
Bingham  et  al.,  1980;  International  Agency  for  Research  on  Cancer  [IARC], 

1984;  and  Palmer,  1980).  PAHs  in  mineral  oils  were  identified  as  the  main  class 
of  hydrocarbon  compounds  causing  cancer  and  toxicity  in  humans  (Bingham  et 
al.,  1980,  and  Hermann,  et  al.,  1980). 
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Table  3.2:  Assumptions  Used  in  the  Gaussian  Model 
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In  general,  short-term  dermal  contact  with  conventionally  refined  mineral  oils  (with 
higher  aromatic  content),  can  cause  mild  erythema;  however,  repeated  contact  over 
prolonged  periods  can  cause  inflammation,  dermatitis,  folliculitis,  acne,  eczema,  contact 
sensitivity  and  cancer  (Palmer,  1990).  The  lipid  solubility  of  aliphatic  and  aromatic 
hydrocarbons  allows  their  absorption  through  the  respiratory  epithelium,  mucous 
membranes,  gastrointestinal  tract  and  epidermis.  Normal  aliphatics  can  be  represented 
by  octadecane  and  hexadecane  for  purposes  of  studying  absorption,  and  in  a  study 
with  guinea  pigs,  20%  of  the  hexadecane  dose  applied  to  the  skin  was  absorbed. 
Aromatic  hydrocarbons  are  absorbed  slowly  through  the  skin  (Liss-Suter  et  a!.,  1978). 

IARC  evaluated  human  health  literature  on  the  carcinogenic  effects  of  mineral  oils, 
manufactured  by  different  types  of  processes  (IARC,  1984).  The  production  of  skin 
tumors  caused  by  dermal  application  of  different  mineral  oils  in  laboratory  animals,  was 
used  to  judge  carcinogenic  potency.  The  SGF-2  fog  oil  manufactured  by  current 
military  specifications  is  equivalent  to  a  mineral  oil  which  has  been  either  severely 
hydrotreated,  severely  acid-treated  or  severely  solvent-treated  and  would  therefore 
demonstrate  no  evidence  of  carcinogenicity.  A  summary  of  the  IARC  evaluation  is 
depicted  in  Table  3.4. 

Table  3.4:  IARC  Evaluation  of  Carcinogenic  Risk  of  Mineral  Oils  (IARC,  1984) 


Type  of  Oil 

Carcinogenicity  to  Experimental 
Animals  from  Dermal  Exposures 

Vacuum  distillates 

Sufficient  evidence 

Severely  solvent-refined 

No  evidence 

Mildly  solvent-refined 

Sufficient  evidence 

Severely  hydrotreated 

Inadequate  evidence 

Mildly  hydrotreated 

Sufficient  evidence 

Severely  (oleum)  acid- 

No  evidence 

treated 

Sufficient  evidence 

Mildly  acid-treated 

Sufficient  evidence 

Aromatic  distillate  extracts 

No  evidence 

White  oils 
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Dermal  exposure  to  SGF-2  fog  oil  manufactured  according  to  specifications  instituted 
in  1986,  does  not  elicit  the  same  strong  reactions  typical  of  mineral  oils  containing  high 
PAHs.  Severe  hydrotreatment  and/or  solvent  refinement  of  SGF-2  oil  in  accordance 
with  1986  military  specifications,  serves  to  reduce  PAFI  concentration  in  oils  such  that 
they  do  not  exhibit  carcinogenic  effects  and  have  reduced  dermal  toxicity  (Federal 
Register,  1985;  MSDS,  1989;  Mackerer,  1989;  Herman  et  al,  1980;  and  Hans  et  al., 
1964).  SGF-2  fog  oil  currently  used  by  the  military  is  not  considered  by  IARC  to  be 
carcinogenic  upon  repeated  or  prolonged  exposure  to  skin  because  of  the  severe 
refining  process  used  to  significantly  reduce  carcinogenic  compounds  (OSHA,  1985; 
ACGIH,  1993). 

The  material  safety  data  sheet  (Industrial  Oils  Unlimited,  1989)  classes  SGF-2  fog  oil 
as  a  non-hazardous,  hydrotreated  heavy  napthenic  distillate  and  further  states, 
“prolonged  or  repeated  exposure  to  liquid  or  mist  may  cause  dry  skin,  irritation,  and  oil 
acne.”  Special  protection  recommended  in  the  MSDS  includes  the  wearing  of 
impervious  gloves;  the  use  of  face  shield  and  goggles  for  eye  protection;  and  specifies 
standard  work  clothing  which  can  be  washed  with  soap  and  water  for  reuse.  SGF-2  fog 
oils  are  not  considered  to  be  skin  sensitizers  or  eye  irritants  (Mathei  et  al.,  1980,  and 
Mayhew  et  al.,  1986). 

3.3  INHALATION 

3.3.1  Inhalation  Effects  of  SGF-2  Fog  Oil 

Inhalation  of  smoke  produced  by  generators  using  SGF-2  fog  oil,  is  considered  to  be 
the  most  important  of  the  different  types  of  direct  exposures  (e.g.,  inhalation,  dermal 
contact,  ingestion)  to  military  troops  during  training  exercises  or  combat  missions. 
Smoke  generators  produce  small  fog  oil  droplets  in  the  0.6  to  3  ^m  size  range  that  can 
effectively  penetrate  to  the  gas-exchange,  or  alveolar  regions  of  the  lungs  (Driver  et 
al.,  1993  ;  and  ACGIH,  1985). 

Dispersion  modeling  of  fog  oil  droplets  (which  comprise  the  smoke  cloud)  indicates 
windborne  fog  oil  concentrations  will  generally  decrease  from  between  7  and  140 
mg/m3  at  downwind  distances  between  about  0.1  and  0.2  km,  to  between  less  than 
0.003  and  0.3  mg/m3  at  a  distance  of  40  km  (Driver  et  al.,  1993).  Actual  personnel 
monitoring  during  an  8-hour  field  training  exercise,  demonstrated  personnel  exposure 
levels  between  0.0-1.98  mg/m3  (Skrutskie,  et  al.,  1993).  This  exposure  level  was 
considerably  lower  than  the  Threshold  Limit  Value  (TLV)  and  Personal  Exposure  Level 
(PEL)  of  5  mg/m3,  established  by  ACGIH  and  OSHA,  respectively.  Young  et  al.  (1989) 
collected  breathing  zone  samples  from  soldiers  and  Cadre  involved  in  both  field,  and 
generator  operation  and  maintenance  training  ("static  training").  Fog  oil  exposures 
during  field  training  were  generally  under  the  5  mg/m3  TLV-TWA  for  mineral  oil. 
However,  exposures  of  personnel  in  close  proximity  to  generators  was  greater  during 
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static  training  where  more  than  50  percent  of  the  Cadre  and  students  alike, 
experienced  exposures  in  excess  of  the  TLV-TWA  of  5  mg/m3  when  one  hour 
exposures  were  averaged  over  an  8-hour  period. 

The  studies  of  Grose  et  al.  (1 986),  Selgrade  et  al.  (1 987  and  1 990),  and  Aranyi  et  al. 
(1991  and  1992)  represent  the  most  rigorous  research  investigations  of  the  inhalatory 
effects  of  SGF-2  fog  oil  to  laboratory  test  animals.  This  review  will  therefore  provide 
more  indepth  reporting  of  those  inhalation  studies  on  SGF-2  and  will  examine,  to  a 
lesser  extent,  the  literature  on  inhalation  effects  of  oil  mists  from  other  mineral  oils. 

The  fog  oil  currently  used  for  military  smoke  application  is  heavily  hydrotreated  or 
solvent  refined  to  eliminate  carcinogens  or  potential  carcinogens.  Therfore,  it  is 
important  to  distinguish  the  fog  oil  inhalation  studies  performed  using  SGF-2 
processed  to  eliminate  carcinogenicity  (i.e.,  severely  hydrotreated  to  reduce  PAHs), 
from  studies  performed  with  fog  oils  which  have  high  PAH  content  and  presumably 
exhibit  carcinogenicity  and  more  toxicity. 

The  Aranyi  studies  were  conducted  with  SGF-2  fog  oil  containing  low  PAHs,  but  the 
timing  of  the  Grose  and  Selgrade  studies  would  indicate  they  were  conducted  with  fog 
oil  processed  before  1986.  Because  the  same  SGF-2  oil  was  used  in  both  studies  by 
Selgrade  and  results  of  the  earlier  study  were  published  in  1987,  it  is  likely  the  SGF-2 
oil  was  manufactured  under  pre-1986  military  specifications.  A  draft  report  of  the 
results  of  studies  by  Grose  was  complete  in  1985,  therefore  the  SGF-2  oil  used  must 
have  been  produced  before  1986. 

High,  acute  inhalatory  exposures  are  necessary  to  elicite  lethal  effects  to  laboratory 
animals.  Rats  exposed  for  3.5  hours  to  smoke  generated  with  pre-1986  SGF-2, 
produced  an  LC50  of  5.19  mg/I  (5190  mg/m3,  Selgrade  et  al.,  1987).  An  LCS0  is  the 
dose  resulting  in  50%  mortality  of  the  test  population.  Most  mortality  occurred  between 
the  4.2  and  5.9  mg/I  concentrations. 

Minimal  systemic  and  pulmonary  changes  were  noted  when  rats  were  repeatedly 
exposed  (3.5  hours/day,  4  days/week  for  4  to  13  weeks)  at  concentrations  below  500 
mg/m3  (Grose  et  al.,  1985  and  1986).  Selgrade  et  al.,  (1987)  exposed  rats  in  the 
laboratory  to  SGF-2  fog  oil  smoke  for  3.5  hours  per  day  and  4  days  per  week  for  4 
weeks.  Exposure  concentrations  were  1 .5,  0.5,  or  0.0  mg/I  (  1500,  500  and  0  mg/m3). 
The  oil  droplet  size  making  up  the  smoke,  was  approximately  1  ^m.  Samples  of 
respiratory  tissues  were  taken  for  histopathologic  analysis,  lavage  fluid  samples  were 
collected,  and  pulmonary  function  measurements  were  made  the  day  after  the  last 
exposure. 
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When  compared  to  the  control  group  of  rats,  exposures  at  the  1.5  mg/I  level  resulted 
in  accumulation  of  macrophages  within  the  alveolar  lumen,  increased  lavage  fluid 
protein  content,  and  elevated  total  cell  content  in  lavage  fluid  due  to  an  influx  of 
polymorphonuclear  leukocytes.  For  the  1 .5  mg/I  exposure  group  there  was  also  an 
increase  in  lung  wet  and  dry  weight;  an  increase  in  end-expiratory  volume;  and 
pneumonitis  was  observed  histopathologically  in  4  of  10  male  rats.  Pneumonitis  was 
not  observed  among  six  female  rats  examined.  Oil  fog  had  no  effect  on  total  lung 
capacity,  residual  volume,  vital  capacity,  lung  compliance,  or  the  distribution  of 
ventilated  air  within  the  lung.  Effects  from  the  0.5  mg/I  exposure  were  limited  to  slight 
accumulation  of  macrophages  in  the  alveolar  lumen  and  an  increase  in  the  total 
number  of  cells  in  lavage  fluid.  Although  the  SGF-2  oil  used  in  these  experiments 
likely  contained  toxic  and  carcinogenic  concentrations  of  aromatics,  few  effects  were 
noted  at  the  500  mg/m3  chronic  exposure  concentration  (Selgrade  et  al.,  1987). 

In  another  inhalation  study,  Selgrade  et  al.  (1990)  exposed  rats  for  3.5  hours  per 
day,  4  days  per  week  for  13  weeks  to  oil  mists  created  by  flash  vaporization  and 
subsequent  condensation  of  fog  oil.  Males  were  exposed  at  concentrations  of  1.5,  0.5, 
0.2  and  0.0  mg/I  (1500,  500,  200,  and  0  mg/m3)  at  a  particle  size  of  approximately  1 
^m.  Biological  endpoints  were  assessed  the  day  after  the  last  exposure  and  in  some 
cases,  after  a  4  week  recovery  period. 

Effects  were  concentration  dependent.  Histologic  effects  observed  one  day  and  4 
weeks  post-exposure,  were  similar.  Minimal  histological  and  minimal  lavage  fluid 
protein  increase  were  the  only  changes  observed  at  the  0.2  mg/I  exposure.  Increases 
in  lavage  fluid  protein,  percent  lavagable  polymorphonuclear  leukocytes  and  lung  wet 
and  dry  weight  were  observed  for  the  0.5  and  1 .5  mg/I  exposures.  Increased  lung 
weight  was  evident  in  rats  exposed  at  1 .5  mg/I,  4  weeks  after  exposure.  Pulmonary 
functions  including  total  lung  capacity,  vital  capacity,  residual  volume,  diffusing 
capacity  to  carbon  monoxide,  compliance,  and  end  expiratory  volume  (EEV),  were 
unaffected  by  exposures,  except  EEV  in  male  rats  exposed  at  1.5  mg/I.  By 
comparison  to  controls,  the  incidence  of  multi-focal  pneumonia  was  low  and  was  not 
increased  when  exposures  were  extended  from  4  weeks  to  14  weeks  (Selgrade  et  al., 
1987). 

Aranyi  et  al.  (1991)  chronically  exposed  rats  to  flash-vaporized  and  subsequently 
condensed  aerosols  of  SGF-2  fog  oil  at  100  mg/m3  for  4  hours  per  day,  4  days  per 
week  for  four  weeks;  and  200  mg/m3  for  1  hour  per  day,  2  days  per  week  for  4  weeks. 
In  a  parallel  study,  Aranyi  et  al.  (1992)  extended  exposures  to  13  weeks  and  monitored 
recovery  3  and  6  weeks  after  exposure. 

There  were  no  mortalities  or  significant  exposure-related  clinical  signs.  Effects 
included  decreased  body  weight  gain  and  food  consumption  early  in  the  exposure 
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period;  increased  lung/body  weight  ratio;  hyperplasia  of  the  goblet  cells  of  the 
respiratory  epithelium  of  the  nose;  and  hyperplasia  of  the  epithelium  of  the  lung. 
Complete  recovery  was  seen  for  the  goblet  cell  hyperplasia.  Mild  inflammatory  lesions 
were  detected  in  4  and  13  week  exposures  which  failed  to  resolve  after  3  and  6  week 
recovery  periods.  Pulmonary  function  tests  demonstrated  a  mild  restrictive  lesion 
characterized  by  decreased  respiratory  system  compliance  and  a  reduction  in  static 
and  dynamic  lung  volumes  after  the  4  and  13  week  exposures.  The  restrictive  lesion, 
as  measured  by  functional  parameters,  showed  no  signs  of  recovery  (Aranyi  et 
al. ,  1 992). 

In  summary,  the  results  of  actual  fog  oil  inhalation  studies  with  rats,  in  controled 
laboratory  experiments,  were  consistent  and  demonstrated  dose  response 
relationships.  A  very  high  inhalation  concentrations  of  5,190  mg/m3,  administered  for 
3.5  hours,  was  necessary  to  elicite  acute  mortality  to  rats  (Segrade  et  al.,  1987).  This 
concentration  would  only  be  found  within  a  few  feet  of  a  fog  oil  smoke  generator 
(Parsons,  1996). 

For  studies  involving  chronic,  long-term  exposures  of  fog  oil  to  rats,  oil  mist 
concentrations  ranged  from  100  mg/m3  to  1500  mg/m3.  Duration  and  frequency  of 
chronic  exposures  ranged  from  4  to  13  weeks,  3.5  to  4  hours  per  day,  and  4  days  per 
week  (Selgrade  et  al.,  1987;  Selgrade  et  al.,  1990,  Aranyi  et  al.,  1991;  and  Aranyi  et 
al.,  1992).  Results  were  similar  in  each  of  the  reasearch  studies.  Chronic  exposure 
concentrations  below  200  mg/m3  elicited  minimal  effects  such  as  slight  accumulation  of 
macrophages  in  the  alveolar  lumen  and  slight  increases  of  cells  in  the  lavage  fluid 
protein.  No  impacts  to  respiratory  function  were  seen  at  the  200  mg/m3  exposure 
concentration.  Chronic  exposure  concentrations  as  high  as  1,500  mg/m3, 
demonstrated  only  slight  elevations  in  lavage  fluid  proteins  and  cells,  some  evidence  of 
pneumonitis  in  male  rats  only,  and  minimal  effects  on  pulmonary  function. 

Concentrations  of  fog  oil  measured  in  the  field,  are  commonly  less  than  200  mg/m3  at 
50  meters  downwind  of  a  generator  (Liljegren  et  al.,  1988).  Personnel  involved  in 
training  generally  occupy  areas  upwind  of  generators,  thus  limiting  the  time  they  would 
be  exposed  to  200  mg/m3  concentrations.  Skrutskie  et  al.,  (1993)  monitored  military 
personnel  in  the  field  and  determined  the  Threshold  Limit  Value-Time  Weighted 
Average  (TLV-TWA)  of  5mg/m3  would  not  be  exceeded  while  conducting  obscurant 
training.  Results  of  fog  oil  inhalation  studies  with  laboratory  animals,  indicate  much 
higher  exposures  at  greater  frequency  and  duration  than  those  received  during  oil  fog 
obscurant  training,  would  be  neccessary  to  elicite  deleterious  respiratory  effects  in 
military  personnel. 

In  general,  inhalation  studies  with  laboratory  animals  exposed  to  SGF  fog  oil, 
whether  manufactured  prior  to  or  after  1986,  demonstrated  minimal  effects,  even 
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considering  the  exposure  concentrations,  and  frequency  and  durations  of  the 

exposure,  were  many  time  higher  than  soldiers  encounter  during  obscurant  training. 

3.3.2  Inhalation  Effects  of  Other  Oils 

Inhalation  of  mineral  oil  mists,  generated  at  industrial  workplaces,  can  cause  two 
types  of  lipoid  pneumonia.  The  first  is  lipoid  granuloma  or  paraffinoma  (a 
circumscribed  lesion  within  a  lobe  of  the  lung  and  easily  mistaken  for  a  tumor),  and 
the  second  is  diffuse  pneumonitis  in  which  oil  droplets  are  disseminated  throughout 
one  or  more  lobes  of  the  lung  (Palmer,  1990).  In  some  cases  lipoid  pneumonia  is 
asymptomatic  while  in  others,  symptoms  are  manifested  as  occassional  to  severe 
cough,  dyspnea  and/or  pulmonary  illness  leading  to  death. 

There  is  little  research  evidence  to  indicate  that  occupational  exposure  to  oil  mists 
produces  significant  deleterious  effects  on  the  pulmonary  system  (Jarvholm  et  al., 
1982).  Industrial  oil  mist  exposures  as  high  as  50  mg/m3,  over  many  years,  have 
not  been  attributed  to  many  cases  of  respiratory  illness  (Liss-Suter  et  al.,  1978). 

Extensive  reviews  of  the  literature  revealed  no  evidence  to  suggest  a  relationship 
between  oil  mist  and  lung  cancer;  however,  prolonged  exposure  to  oil  mists  from 
poorly  refined  oils,  sometimes  leads  to  skin  cancer  (Hendricks  et  al.,  1962).  In  a 
study  by  Jarvholm  and  Lavneius  (1987)  of  workers  exposed  to  cutting  fluids, 
mortality  from  lung  cancer  was  less  than  expected,  and  urinary  bladder  and 
gastrointestinal  tract  cancers  were  not  elevated. 

Hendricks  et  al.(1 962)  found  that  a  sizable  population  of  workers  from  many 
industries,  are  exposed  to  oil  mists  and  that  average  exposure  levels  are  less  than 
15  mg/m3.  He  concluded  that  pulmonary  irritations  would  be  minimized  by  a 
maximum  allowable  exposure  level  of  5  mg/m3. 

3.4  INHALATION  EXPOSURE  STANDARDS 

The  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH,  1994) 
set  the  Toxic  Limit  Value  for  chronic,  time  weighted  average  (TLV-TWA)  industrial 
exposure  to  oil  mists  from  white  oils,  severely  hydrotreated,  severely  solvent-treated 
and  severely  acid-treated  mineral  oils,  at  5  mg/m3.  The  TLV  refers  to  airborne 
concentrations  of  substances  and  represents  conditions  under  which  it  is  believed 
that  nearly  all  workers  may  be  repeatedly  exposed  daily  (8  hour  work-day  and  40 
hour  work-week),  without  adverse  health  effects.  In  order  to  assign  a  TLV,  the 
ACGIH  considers  all  available  information  from  industrial  experience  and 
experimental  studies  with  animals  and  humans. 
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ACGIH  has  established  a  TLV  Short-Term  Exposure  Limit  (TLV-STEL)  for  mineral 
oil  mists  of  10  mg/m3.  The  STEL  is  the  concentration  to  which  workers  can  be 
exposed  continuously  for  a  short  period  of  time  without  suffering  from  irritation, 
chronic  or  irreversible  tissue  damage  or  narcosis.  In  general,  STEL  exposure 
periods  should  not  exceed  15  minutes  nor  be  repeated  more  than  four  times  per  day 
(ACGIH,  1992).  The  STEL  also  provides  that  the  TLV-TWA  is  not  exceeded. 

The  Occupational  Safety  and  Health  Administration  (OSHA,  1989)  established  a 
Permissible  Exposure  Limit  -  Time  Weighted  Average  (PEL-TWA)  for  mineral  oil 
mists  of  5  mg/m3.  The  National  Institute  for  Occupational  Safety  and  Health 
(NIOSH)  Recommended  Exposure  Limit-Time  Weighted  Average  (REL-TWA)  and 
STEL  of  5  mg/m3  and  10  mg/m3,  respectively,  thus  concurring  with  OSHA’s 
proposed  PEL.  NIOSH  found  no  evidence  of  an  Immediate  Danger  To  Life  and 
Health  (IDLH)  value  for  mineral  oil  mists  (AIH,  1993). 

The  exposure  limits  recommended  by  ACGIH  are  for  mineral  oils  that  have  been 
severely  hydrotreated,  severely  acid-treated,  or  severely  solvent-treated,  and  white 
oils.  The  ACGIH  standards  do  not  apply  those  mineral  oils  which  have  been  only 
mildly  treated,  or  produced  by  vacuum  distillation.  The  OSHA  and  NIOSH  standards 
are  for  all  mineral  oils,  regardless  of  how  they  are  processed,  or  the  types  of 
additives  they  contain  (ACGIH,  1993).  Exposure  standards  established  by  other 
nations  for  mineral  oil  mists  are  shown  in  Table  3.5  (ACGIH,  1993). 

Table  3.5:  Mineral  Oil  Exposure  Standards  in  Other  Nations 


Country 

TLV-TWA 

TLV-STEL 

Australia 

5  mg/m3 

1 0  mg/m3 

Sweden 

3  mg/m3 

5  mg/m3 

United  Kingdom 

5  mg/m3 

10  mg/m3 

Concentrations  of  fog  oil  smoke  may  reach  potentially  harmful  levels  (i.e.,  >10 
mg/m3)  within  2  km  downwind  of  a  smoke  generator  during  training  exercises;  if 
weather  conditions  favor  a  shallow  mixing  depth.  With  greater  mixing  depth,  harmful 
levels  are  limited  to  0.4  km  from  a  generator,  based  on  modeling  analysis  (Driver  et 
al.,  1993).  Young  et  al.  (1989)  determined  exposure  concentrations  up  to  130 
mg/m3  for  military  personnel  in  proximity  to  the  generators  during  gererator 
operation  and  maintenance  training  (i.e.  static  training)  and  that  the  safe  TLV  is 
often  exceeded.  However,  when  exposures  were  averaged  over  an  8  hour  period, 
at  least  50%  of  the  individuals  were  not  exposed  to  concentrations  >  5  mg/m3.  In 
another  personnel  monitoring  program  of  exposures  received  during  a  field  training 
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fog  oil  obscurant  exercise,  Skrutskie  et  al.  (1993)  determined  8-hour  time  weighted 
average  exposures  of  0.00-1 .98  mg/m3. 

3.5  INGESTION 

Simple  ingestion,  without  aspiration,  of  mineral  oils  with  high  aromatic  content  will 
irritate  the  mucous  membranes  of  the  mouth,  throat,  and  upper  gastrointestinal  tract. 
The  danger  of  ingestion  of  is  that  aspiration  and  resultant  chemical  pneumonitis 
almost  always  follow  due  to  coughing  or  gagging  caused  by  the  fuel  (Liss-Suter  and 
Villaume,  1978). 

The  acute  toxicity  from  ingestion  of  SGF-2  fog  oil  manufactured  after  1986  (i.e., 
with  low  PAH)  is  0.47  to  0.94  liters,  LC50,  and  is  therefore  considered  practically  non¬ 
toxic  (MSDS,  1989).  Very  unusual  circumstances  would  have  to  occur  for  a  person 
to  ingest  this  amount  of  fog  oil.  Ingestion  of  highly  refined  mineral  oils  over 
prolonged  periods  is  not  known  to  cause  cancer  in  animals  (Palmer,  1990).  When 
rats  were  fed  2  percent  liquid  paraffin  in  their  diet  for  500  days,  no  tumors  were 
induced  (Schmal  and  Reiter,  1953). 

The  effects  of  ingestion  of  fuel  oils,  kerosene,  diesel,  and  mineral  oils,  which 
contain  high  concentrations  of  PAHs,  have  been  documented  in  the  fog  oil/human 
health  reviews  of  Liss-Suter  et  al.,  Palmer,  and  Driver  et  al.  Their  findings  are  not 
summarized  because  SGF-2  fog  oil  used  today  has  none  of  the  chemical 
characteristics  of  fuel  oils  and  high  PAH  mineral  oils. 


SECTION  4  -  CONCLUSIONS  AND  RECOMMENDATIONS 

The  preponderance  of  evidence  in  the  literature  on  the  health  effects  of  smoke  generated 
with  SGF-2  fog  oil  manufactured  after  1986  by  military  specification,  MIL-F-12070C, 
Amendment  2  and  specifications  thereafter,  indicate  there  is  limited  potential  for  adverse 
effects  to  humans.  Toxicological  research  documented  in  the  literature  demonstrates  that 
currently  used  SGF-2  has  low  toxicity  when  ingested,  presents  minimal  toxicity  from  dermal 
exposure,  and  has  limited  potential  for  pulmonary  effects  unless  the  Threshold  Limit  Value- 
Time  Weighted  Average  (TLV-TWA)  of  5  mg/m3  is  exceeded  for  prolonged  periods  of  time. 

The  TLV-TWA  standard  of  5  mg/m3  was  established  by  the  Occupational  Safety  and 
Health  Administration  (OSHA),  the  American  Conference  of  Governmental  Industrial 
Hygienists  (ACGIH),  and  other  national  and  international  health  organizations  to  protect 
workers  in  industrial  settings  from  harmful  exposures  to  mineral  oil  mists  in  the  air.  The 
TLV-TWA  is  considered  a  safe  concentration  when  workers  are  repeatedly  exposed  for  up 
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to  8  hours  per  day  and  5  days  per  week.  This  health  protective  standard  was  for  mineral 
oils  which  are  severely  acid  treated,  severely  hydrotreated  or  severely  solvent  treated  to 
reduce  the  content  of  carcinogens  and  other  toxic  compounds. 

To  meet  the  1986  manufacturing  specifications,  fog  oil  is  severely  treated  to  remove 
carcinogens  and  therefore  represents  the  type  of  mineral  oil  upon  which  the  OSHA/ACGIH 
standard  was  based.  Hydrotreating  (the  most  common  method  for  production  of  mineral 
oils  used  in  industry  and  fog  oil  used  by  the  military)  involves  low-pressure,  catalytic 
reduction  of  carbon-carbon  double  bonds,  whereby  aromatics  are  converted  to  saturated 
cycloparaffins  (naphthenes)  and  heterocyclic  aromatics  rings  are  opened  by  chemical 
removal  of  bound  sulfur,  nitrogen  and  oxygen  (Palmer,  1990). 

Fog  oils  produced  before  1986  typically  had  high  concentrations  of  toxic  and 
carcinogenic  compounds  (Katz  et  al.,  1980),  and  posed  a  potential  health  threat  to 
exposed  individuals.  In  1986,  military  manufacturing  specifications  for  SGF-2,  were  altered 
to  required  manufacturers  to  remove  carcinogens  and  potential  carcinogens  from  the  oil. 
Carcinogenicity  of  the  oil  is  attributed  primarily  to  certain  volatile  organic  carbon  and 
semivolatile  organic  carbon  constituents  in  petroleum  stocks  from  which  lubricating  oil  and 
fog  oils  are  refined.  Also,  the  toxicity  of  petroleum  derived  fuels  and  mineral  oils  is  mostly 
due  to  the  aromatic  fraction  (includes  PAH)  as  opposed  to  the  aliphatic  fraction  (Neff, 

1979). 

Recently  proposed  modifications  to  the  1986  specification  require  manufacturers  to 
certify  the  carcinogenic  nature  of  the  oil  by  conducting  modified  Ames  tests,  mouse  skin 
tests,  and  a  DMSO  extraction  procedure  for  measuring  PAH  content  (U.S.  Army,  1995). 

The  proposed  1995  specification,  designated  MIL-F-12070E,  does  not  require  altered 
physical  or  chemical  properties  of  fog  oil  when  compared  to  1986  specification.  It  does, 
however,  change  the  requirement  of  “no  carcinogenic  or  potential  carcinogenic 
constituents”  (U.S.  Army,  1986)  to  “fog  oil  shall  not  demonstrate  any  toxic  effects  or 
carcinogenic  or  potentially  carcinogenic  effects  when  tested...”  (U.S.  Army,  1995). 
Therefore,  under  the  newly  proposed  changes,  manufacturers  must  perform  tests  to  certify 
no  effects  rather  than  certify  that  the  oil  contains  no  carcinogenic  constituents  as  required 
under  current  specifications.  The  1995  proposed  specification,  when  implemented,  will 
provide  further  assurance  of  human  health  protection  by  requiring  actual  documentation, 
through  testing,  of  each  batch  of  fog  oil  manufactured. 

Absent  from  the  scientific  literature  on  fog  oil  were  analyses  of  smoke  produced  from  low- 
aromatic  fog  oil,  for  individual  PAHs.  Although  SGF-2  fog  oil  manufactured  after  1986  is 
processed  to  significantly  reduce  or  remove  PAHs,  there  is  a  potential  for  alteration  of 
aliphatic  hydrocarbons  (and  other  non-PAH  compounds)  by  combustion  heat  within  the 
generator  as  fog  oil  smoke  is  produced.  The  smoke  generators  planned  for  use  at  Fort 
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Leonard  Wood,  are  the  Ml 57  (pulse  jet)  and  the  M56  (turbine),  and  temperatures  within 
these  generators,  for  smoke  production,  are  1400°  F  and  1050°  F,  respectively  (U.S.  Army, 
1995).  Katz  et  al.(1 980)  found  slight  enrichments  of  PAHs  in  fog  oil  smoke  as  compared  to 
parent  fog  oil,  thus  indicating  the  potential  of  hydrocarbon  transformation  during  smoke 
generation.  Existing  scientific  literature  contains  a  number  of  studies  documenting 
increases  in  toxic  compounds  and  carcinogenic  PAHs  when  relatively  non-toxic  lubricating 
oils  are  combusted  or  subjected  to  high  heat  (Neff,  1979;  Grimmer,  1981;  Grimmer  et  al. , 
1981;  and  Carmichael  et  al.,  1990  and  1991). 

As  part  of  this  health  evaluation,  fog  oil  and  smoke  generated  from  it,  will  be  analyzed  for 
individual  aromatic  and  aliphatic  hydrocarbons.  Results  of  this  monitoring,  will  be 
evaluated  by  performing  a  preliminary  human  health  risk  evaluation,  using  EPA  methods. 
The  risk  evaluation  findings  will  provide  additional  weight-of-evidence  for  evaluating  the 
potential  for  health  effects  from  breathing  fog  oil  smoke. 
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